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TRANSACTIONS 
of the Sixty-ninth Annual Meeting of the 
AMERICAN FISHERIES SOCIETY 
SAN Francisco, CALIFORNIA 


June 26 27, 1939 


The Sixty-ninth Annual Meeting of the American Fisheries Society 
convened at 9:45 a.m., June 26, 1939, at the Sir Francis Drake Hotel, 
San Francisco, California, the President, Fred J. Foster, of Seattle, 


Washington, presiding. 


The meetings were held in cooperation with the Thirty-third Annual 
Convention of the International Association of Game, Fish and Con- 


servation Commissioners. 


The registered attendance of members, delegates and guests was as 
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OPENING ADDRESS 


FRED J. Foster, PRESIDENT 


Sixty-nine years ago the founders of the American Fisheries Society met for 
the first time in the City of New York. They were earnest men with a purpose. 
They founded what today is the oldest conservation society on our continent. 

The Society and its accomplishments have seldom, if ever, been of spectacu- 
lar character. The fact that the organization has weathered the year in sound 
health is not only a tribute to its founders and to those who have guided the 
destinies of the Society down through the years, but is a testimony of the sub- 
stantial service of the Society to mankind. 


I am sure that the founders of this Society would view with satisfaction the 
steady, substantial and dignified contribution it has made to the scientific 
knowledge and practical maintenance of our fisheries resources. 


These same founders would, however, view with disappointment our failure 
to effect the rehabilitation of certain fisheries, notably the shad and salmon 
fisheries of the Atlantic Coast, the need for which was recognized even in that 
day. They would also view with concern the problems with which we are now 
faced in the Great Lakes, the Columbia, Sacramento, and others of our rivers, 
and in the thousands of depleted inland waters. 


But we may take courage that many of these problems, serious and difficult 
as they are, may be solved as have been those of the restoration and mainte- 
nance of the halibut of the North Pacific and the Alaska seal and the Alaska 
salmon fisheries. Outstanding success has also been obtained in the manage- 
ment of certain inland waters. Therefore, with due and serious recognition 
of our present problems and limitations, let us go forward earnestly and con- 
fidently to greater knowledge and achievement. 


Our needs for greater knowledge and the application of such knowledge are 
many. There is urgent need for an expansion of studies of certain hard-pressed 
commercial species and related aquatic life. Other species, not yet depleted, 
the catch of which is increasing, should have immediate study so that we may 
lock the door before the horse is stolen. 


Continued studies in nutrition, disease prevention and control, and selective 
breeding must go forward with renewed vigor and expansion. 


The management of inland waters and lake and stream surveys require a 
greater number of biologists capable of correctly interpreting the field data 
obtained. 

Able and far-sighted administrators must make better use of knowledge al- 
ready at hand and put into practical use whatever knowledge results from fu- 
ture studies. While progress has been made there is still too great a gap be- 
tween the knowledge of the scientist and its practical application in hatchery 
production and fish distribution. 

Administrators must also strive more earnestly for better cooperation be- 
tween agencies and for the unification and enforcement of adequate regula- 
tions in interstate and international waters. 

The papers to be presented at this meeting will help us on our way to many 
of the above objectives. 

Ours is a most worthy cause—to help make life more abundant and more 
enjoyable to many millions of our people. From barefoot boys to captains of 
industry, noted educators, and presidents, some eight to ten millions enjoy 
the sport of fishing. We are told that the number of fishermen exceeds the 
number of persons that follow any other recreation. Also, a substantial portion 
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of our population is directly and indirectly dependent upon the maintenance 
of our commercial fisheries. 


Let us always keep before us the object of this Society, “to promote the 
eause of fish culture; to gather and diffuse information of a scientific charac- 
ter; and to unite and encourage those interested in fish culture and fisheries 
problems,” to the end that the ever increasing number of sport fishermen may 
enjoy to the fullest their days of recreation in God’s out-of-doors, and that 
those dependent upon our commercial fisheries may never experience the trag- 
edies of life which accompany the depletion of any natural resource, but through 
wise management may enjoy the financial security provided by a sustained 
yield of our commercial aquatic life. 


It is appreciated that some of those present can remain in California but a 
few days and will wish to see something of the remarkable World’s Fair on 
Treasure Island, the Aquarium at Golden Gate Park, and other numerous 
points of interest in this beautiful, cordial and altogether delightful city of 
San Francisco and its vicinity. 


It is hoped that you will be able to visit the various places of interest and 
still maintain a good attendance at our sessions, which attendance will be 
greatly appreciated by your officers and by those who have gone to consider- 
able effort to prepare papers and reports. I am aware that regular attendance 
at the sessions will require the exercise of considerable moral courage. 

Some have expressed doubt as to the wisdom of holding our meetings at a 
point where other attractions are so unusually appealing. The attendance at 
our meetings here in San Francisco may well form a guide to time and place 


committees in formulating their recommendations to hold future meetings un- 
der similar conditions. 


I hope you will have a most enjoyable time while here and let your con- 
science be your guide in the attendance at meetings, but please do not put 
your conscience in a sack and toss it into San Francisco Bay en route to 
Treasure Island! 


il 
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REPORTS OF OFFICERS 


REPORT OF THE SECRETARY-TREASURER 
For the Year 1938-1939 


SETH GORDON 


The American Fisheries Society has made very encouraging progress during 
the past year. From the standpoint of adding new members to the rolls, the 
Society did better than the previous year. We added 99 active members, 6 
libraries, 2 clubs and dealers, and 6 state memberships, a total of 113 of the 
several classes. This is fifteen more new members than the number acquired 
last year. 

President Foster again has been especially active in the enrollment of mem- 
bers, as has Mr. Alan C. Taft. Numerous other members also did their part 
to bring the work of the Society to the attention of fisheries workers. 

While we added more new members to our roster during the year, our losses 
were greater than during the previous year. Through death we lost seven of 
our fellow workers, and it was necessary to drop eighty-five for non-payment 
of dues. Twelve members resigned, and our net gain for the year was only nine. 
Because the annual meeting was again held before the end of the fiscal year, it 
was necessary to close the books on June 15, and without doubt some delin- 
quents who had to be dropped would have paid their dues before the regular 
closing date, thereby avoiding the lapsing of their memberships. A later clos- 
ing date would have enabled us to show a still larger gain. 

Your secretary regrets to report that we do not seem to be holding the in- 
terest of the new members as we should. The average period of their mem- 
bership is entirely too short. Of the eighty-five dropped for dues, thirty-two, 
or 40 per cent, paid dues for only one year. It would be desirable to learn, if 
possible, the reason for this apparent lack of continuing interest. Possibly 
more prompt delivery of the Annual Transactions might help to assure their 
eontinuance with the Society for longer periods. 

Speaking of the Transactions, your Committee on Publications has done an 
even more painstaking job of editing and proof reading on the sixty-eighth 
volume than was done the previous year, and has revamped certain parts of 
the volume so as to make it still better. This additional work, including the 
checking of proofs by authors, has delayed the volume longer than anticipated. 
However, an examination of the papers submitted for this meeting indicates 
that the authors are adhering more closely to the instructions for the prepara- 
tion thereof, and the editorial work should be expedited considerably in the 
future. 

With the approval of your president, the volume covering the meeting last 
year at Asheville is being printed on slightly different stock to obviate the 
need for special half-tone inserts. The cost is reduced thereby, and the work 
expedited. It is hoped that the members will find the new volume, which should 
be in your hands in a few days, entirely satisfactory. 

Your officers and the executive committee have been active during the year 
in the study of various possibilities for meeting dates, consolidation of meet- 
ings with other conservation organizations, etc. A joint meeting with the 
officers and executive committee of the International Association of Game, 
Fish and Conservation Commissioners was held in Detroit during February, 
and in June another special conference was held in Washington, D. C. In 
both of these conferences it was very evident that many obstacles would pre- 
vent the holding of our annual meetings in conjunction with organizations 
other than the International Association, but that, as expressly desired by the 
majority of the Society’s membership, it would not be difficult to change the 
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meeting dates to late August or early September. (NOTE: See Time and 
Place Committee report in business sessions). 

Now for our financial status. Your secretary is happy to report that the 
financial condition of the Society is stronger than it was this time last year. 
The balance in the bank, when the books were closed on June 15, was $1,544.11, 
while last year it was only $746.79. Since the printing of the Transactions is 
not yet completed, that bill has not been presented, but this condition also 
prevailed a year ago. The bill for indexing the 68th volume was not presented 
until after the books were closed, but that is the only unpaid item on hand 
at this time. 

During the year the Society added nine government baby bonds to its per- 
manent fund holdings, having invested $487.50 of the Permanent Fund income. 
Last night your Executive Committee authorized the investment of $750.00 
more in like securities. 

The details of our income and expenditures are as follows: 


TREASURER’S REPORT 
June 16, 1938 to June 15, 1939' 
GENERAL FUND 

RECEIPTS 

on hand June 15, 1936. $ 746.79 

Annual dues: 

Individuals 
For the year 1936-1937 

1937-1938 
1959-1020. 


1,620.50 


Libraries 
For the year 1937-1938 
1938-1939 
1939-1940 


Clubs and dealers 
For the year 1937-1938 
1938-1939 
1939-1940 


State membership 
or the 
1938-1939 J 


General expense 

Sale of Transactions 

Sale of separates: 
1936 Transactions 
1937 Transactions - 345.73 


3.00 
220.74 


Sale of Index 14.00 
on Gnecks 33 
Transferred from Permanent Fund to be i 

487.50 


Total receipts - = $4,515.59 


1Since the annual meeting was advanced to June it was necessary to close the books on 
June 15, 1939. 
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DISBURSEMENTS 
Transactions: 
1937, Vol. 67 
Proof reading $ 75.00 
Indexing = 79.56 
Printing 1,247.42 
Reprints 324.14 $1,726.12 
1938, Vol. 68 
Reporting 114.90 
Reprints 3.97 118.87 
Clerical and secretarial expense: 
Seth Gordon 100.00 
Ethel M. Quee i 200.00 
Extra assistance : R 310.44 


160.02 


35.50 
Office supplies 45 


Telephone and telegraph _ 5.64 
Exchange on checks = 2.73 
Rental safety deposit box 5.50 
Purchase of Government Baby Bonds 487.50 
General expenses 12.20 
Stationery and printing — 87.76 
Premium on bond 18.75 


Total disbursements $2,971.48 
Total receipts, General Fund 4,515.59 
Total disbursements, General Fund 2,971.48 


Balance in bank, June 15, 1939 $1,544.11 
Balance in petty cash fund 5.00 


Balance on hand June 15, 1939 $1,549.11 


PERMANENT FUND 
RECEIPTS 


Balance on hand June 15, 1938 $1,226.97 
Interest on savings account 

Interest on mortgage certificates 

Dividends on Commonwealth Southern Pfd. d 281.19 


Total receipts $1,508.16 
DISBURSEMENTS 
Transferred to General Fund for purchase of 
6 U. S. Government Bonds at $75.00 each and 3 at 
$12.50 each 


Total disbursements - eee 487.50 


Balance on hand June 16, 1989 ____ $1,020.66 
Par value of certificates other than Government Bonds__ - 5,000.00 
Par value 10 shares Commonwealth Southern, pfd. at 


*$7 ,020.66 


The market value of certificates during the past year has been far below par, but since 
there is no open market no established cash value is available. The cash value of the 10 


shares of Commonwealth Southern Preferred, par value $100.00, as of June 15, 1939 was 
$615.00. 


: 
| 
__ 


REPORTS OF VICE-PRESIDENTS OF DIVISIONS 


REPORT OF THE DIVISION OF FISH CULTURE 
H. H. MacKay 


A review of the progress made in the sphere of fish culture during the past 
decade discloses that hearsay and haphazard methods are being replaced by those 
based on exact knowledge and rational procedure. It is true that many matters 
need clarifying and that more general agreement is required regarding certain 
practices concerning which widely divergent views are held. Generally speaking, 
however, out of a maze of uncertainty, a more concrete idea of the aims and 
purposes of this important subject is gradually taking shape. 

In its wider and truer meaning fish culture is closely linked to aquatic biology, 
physics, commercial fishing and angling, and it is difficult to give a comprehensive 
definition of the term. However, for all practical purposes it may be said that 
a progressive fish-culturist is one who measures his success in terms of the good 
fishing that results from his labours. 

Within the compass of a report of this nature, it is impossible to deal satis- 
factorily with all the recent developments in the various divisions of fish culture. 
Therefore, the discussion will be confined to two major problems, namely, fish 
food and fish diseases. A great deal has been said and written on these important 
subjects, and the excellent bulletin, ‘‘Care and Diseases of Trout,’’ by Dr. H. 8. 
Davis is widely known. It is used extensively as a guide in many, if not all, of 
the hatcheries of the continent and has assisted fish-culturists in solving many 
vexing problems. 

For the purpose of surveying the general situation, state, provincial and federal 
departments were canvassed to submit a brief account of the contributions made 
during the past five years in regard to progressive developments in fish culture 
as follows: 

1. (a) Actual reduction in the cost of feeding artificially reared fish by 
the use of substitutes for beef liver, either entirely or partially, 
and on a satisfactory nutritional basis. 

(b) What food items added to the diet of artificially reared fish were 
found unsatisfactory. 

2. The control of parasites and diseases of artificially reared fish. 

This opportunity is taken of thanking those who responded so kindly and gener- 
ously to this questionnaire. 

Because beef liver was found to be a satisfactory food, conducive to the growth 
of young trout, it was and still continues to be used widely in trout hatcheries 
and rearing stations throughout the continent. The price of this commodity has 
increased considerably during the past few years, resulting in a large increase 
in the cost of rearing trout. As a result of this increase, extensive and intensive 
experiments have been conducted to find a nutritional equivalent for beef liver 
or even a partial substitute. At first, experimentation for the most part was of a 
laboratory nature, but more recently experiments have been conducted under actual 
hatchery conditions. 

The application of scientific facts is slow since many fish-culturists are unwill- 
ing to discard old methods for new ones. Generally speaking, however, certain 
findings have been demonstrated so conclusively that they are commencing to have 
a profound effect on feeding methods everywhere, although, there is still prob- 
ably no question on which fish-culturists differ more widely than in regard to 
what constitutes the most satisfactory food for trout. 

The criteria of a successful diet are low cost, low mortality, and satisfactory 
growth. In evaluating diets, we should eliminate those that show no promise of 
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rearing fish at low cost, since a production basis at low cost is essential, and select 
the remainder on the basis of low mortality and satisfactory growth. 

Now, nearly every rearing station may be considered to have its own set of con- 
ditions, and its own problems in regard to the factors involved, so that any par 
ticular study may apply to local conditions, and only indirectly to conditions 
elsewhere. Keeping these facts in mind the results of the survey may be summed 
up as follows: 

1. In the fry and early fingerling stages of trout, a diet of fresh meats is 
best. Up to this time the cost of food may be a relatively unimportant 
factor, but when the 2-inch stage is reached a diet must be found that 
will produce large, healthy fish at low cost. 

Trout can be reared on a straight meat diet, but there is considerable 
difference of opinion as to which meat has given the best results. Prob- 
ably no meat has given better results with young fingerlings than beef 
liver and it would likely be used more extensively if it were not for the 
cost. 

Generally speaking, a mixed diet of meats is more satisfactory than one 
meat used alone. Ontario and Minnesota have experienced good results in 
feeding such a combination as liver, beef hearts and beef melts. If we 
examine the diet composition sheets used by New York State, we shall find 
that a mixture of meats was used satisfactorily. It is recommended that 
those who are interested in this field obtain copies of these sheets for 
ready reference. 

There are exceptions to all rules, however, and we are told that in the 
State of Tennessee beef hearts are fed exclusively with good results. 

J. H. Wales and Myron Moore, California Division of Fish and Game, 
fed beef hearts, beef liver and beef lungs as straight diets to three groups 
of rainbow fingerlings and found very little difference in health and 
growth. 

In the State of Massachusetts pork liver has been substituted for beef 
liver with satisfactory results in feeding brook, brown and rainbow trout. 
The New York State nutritional laboratories have shown that the cost of 
feeding trout has been reduced 50 per cent by the use of substitutes. 
Fresh meats plus cottonseed meal, fish meal, buckeye shiners, middlings, 
skim milk and salt have been used successfully (see diet composition 
sheets for State of New York, Conservation Department). 

In Ontario such combinations as 60 per cent beef liver plus 40 per cent 
‘¢Fishotein’’ and also 60 per cent beef liver and 40 per cent menhaden meal 
were shown to be economically superior and nutritionally equal to beef 
liver used alone. Sixty per cent beef liver plus 40 per cent ‘‘Silver Fur 
Food’’ were found to be superior in every respect to beef liver alone. 

Such combinations as: 

Percentage 
Beef liver 50 
Alewives 50 
have shown excellent possibilities. In addition to feeding fresh raw fish, 
several tons of alewives were processed and this meal when mixed with 
fresh beef liver gave good results. 

The following combinations could not be considered since after feeding 
for a period of 132 days the fish began to die from an intestinal disorder 
which could only be blamed on the diet: 

Percentage 
Beef liver 50 50 
Soybean meal é ae 10 
Pig meal Set 50 40 
Rainbow trout made satisfactory progress on a diet of 50 per cent beef 


liver, 25 per cent pilchard meal and 25 per cent ling. Sucker was sub- 
stituted for ling later in the experiment. 
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In connection with Ontario experiments it should be stated that finger- 
lings handled in large tanks gave much better results than those handled 
in hatchery troughs or in smaller galvanized iron troughs. 


James T. Wilkinson, Department of Conservation, Lansing, Michigan, 
found as a result of controlled experiments using sheep liver as a contrul 
that the satisfactory minimal proportion of liver was 25 per cent by weight 
in a mixture of sheep liver with such substances as whitefish meal, cotton- 
seed meal, skim milk powder and oatmeal. 

It was shown also that the mortality record of rainbow trout indicated 
that only those diets containing liver should be considered. 

After eliminating diets on the basis of cost or high mortality, the fol 
lowing diets remained: 


Percentage Composition 

Diet No. 4 No. 17 No. 18 
Sheep liver 50.0 30 
Whitefish meal 13:3 20 
Cottonseed meal 13.3 20 
Skim milk powder... 13.3 20 


10.0 10 


With respect to the growth records of the rainbow trout No. 4 and No. 
17 ranked second and third respectively. 

Now, if the chief aim is to grow larger fish, Diets 4 and 17 should be 
chosen. Diet 17 had the lowest mortality record, ranked second in growth 
and fourth in cost (only slightly more expensive than Diet 4). Diet 18 
enabled the fish to be reared at a cost about 15 per cent less than Diets 
4 and 17; the mortality record was low and the fish appeared to be in 
good condition. 

For brown trout, Diets 4 and 17 were recommended from the standpoint 
of low mortality and good growth, and Diet 18 from the standpoint of low 
mortality and low cost. 

Trout can be reared more cheaply, and with a mortality record about as 
low, on Diets 4, 6, 17 and 18 than on a straight sheep-liver diet. In gen- 
eral, trout fed on sheep liver showed excellent growth and low mortality 
but the cost was about double. 

Results of the rainbow and brown trout experiments were comparable 
to those with the brook trout in that Diet 18 again provided low-cost 
fish, this time in third place. Diet 18 was also associated with the lowest 
mortality record, and was outstanding when cost was the chief considera- 
tion. Diets 4 and 17 were best when low mortality, good growth, and 
relatively low cost were desired. 

Diets containing pig melts were found to be the least desirable because 

of the heavy mortality. 
It would appear that there is no satisfactory method of feeding high meal 
concentrations to fingerlings smaller than twenty-five per ounce. Finger- 
lings larger than twenty-five per ounce can be fed straight meal pellets 
twice a day and meat once a day. Unless some method can be found 
whereby liver and meals can be combined without serious water pollution 
it will be impractical to feed small fingerlings more than 25 per cent 
meal, according to J. H. Wales and Myron Moore, California Division 
of Fish and Game, 1937. 

Salmon egg meal and dry skim milk if properly used are excellent sub- 
stitutes. They can be combined with a relatively small percentage of liver 
to give rapid growth at low cost, according to J. H. Wales and R. C. Lewis, 
California Division of Fish and Game, 1935. 

The South Dakota Department of Fish and Game and Alberta workers 
have had unsatisfactory results with salmon egg meal. 

Dehydrated beef meal has been found to be a valuable trout food, com- 
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paring favorably with salmon egg meal and dry skim milk, according to 
J. H. Wales and Richard Bliss, California Division of Fish and Game. 

Clam meal and alfalfa meal may be used advantageously. 

The West Virginia Conservation Commission hatcheries report that seal 
meal was found to be satisfactory at one hatchery but toxic at another. 

J. H. Wales and Myron Moore, California Division of Fish and Game, 
fed a pond of approximately 3,000 yearling brook trout a commercial dog 
food for a period of six months. The dry meal was fed alone but it is 
probable that this fish also obtained some aquatic and terrestrial organ- 
isms. The dry food supposedly contained all the minerals and vitamins 
necessary for the health and growth of dogs. In five months the fish be- 
came seriously anaemic and by the end of six months losses were so heavy 
that the diet had to be changed. In about two weeks with a feeding of 
100 per cent beef liver mortality ceased. 

. Charles Hayford, Hackettstown, New Jersey, recommends the following 
diets: 
First day Second day 


Sheep plucks Salt water herring 
Dried fish meal 


Alfalfa meal 
Cod liver oil 
Dried blood meal 

Canned fish is also used. 

He did not have satisfactory results with dried buttermilk. 

. In feeding fingerlings and yearling stock, the Massachusetts Division of 
Fish and Game uses a pasteurized by-product of the sardine industry plus 
pork melts, plus dried foods. Fish are used in varying proportions accord- 
ing to the age of the fish fed, temperatures, and factors peculiar to the 
water supply. 

The Wisconsin Conservation Department is carrying out a carp removal 
programme on a large scale. In order to make this particular activity 
self-supporting, the large carp are marketed and the small ones canned. 
The Department considers canned carp a satisfactory diet for trout, pro- 
viding fresh meat is added periodically for the purpose of supplying 
‘¢Factor H.’’ The canned carp diet was fed under low and constant 
temperatures. It might be mentioned here that Wisconsin workers are 
also studying the amount of roughage, proteins and carbohydrates that 
are necessary for the satisfactory nutrition of trout. 

Beef liver plus one-third to one-half ‘‘Balto’’ canned fish food, or 50 
per cent sheep liver plus 50 per cent ‘‘Balto’’ canned fish food may be fed 
satisfactorily. The South Dakota Department of Fish and Game reports 
considerable savings by feeding the ‘‘Balto’’ product. West Virginia 
reports that the hatcheries were able to reduce the cost of feeding 50 per 
cent by adding ‘‘Balto’’ to beef liver. 

W. W. Aitken of the Iowa State Conservation Department has shown 
that fingerlings can be fed on a mixed diet of beef hearts and canned 
fish, namely, cooked carp and buffalo at a saving of 25 per cent and on 
eanned fish alone, without serious impairment of the quality of the finger- 
lings. Negative results were obtained with smaller fish. 

The importance of proper feeding is much underrated, and unless those who are 
responsible for this important work are most painstaking in regard to the actual 
method employed in feeding, and in the preparation of the food, terrific waste will 
result. If food is carelessly administered. by adding too much water most of the 
food will be washed down the drain. In the same connection the palatability of 
the food must be observed carefully. It appears that it is better to feed all the 
fish will take. Underfed fish grow more slowly, and any adverse conditions in- 
evitably lead to disease under such circumstances. 


Warm-water Fishes—In most cases warm-water fishes are reared in specially 
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prepared and fertilized nursery ponds. Minnow ponds for the cultivation of golden 
shiners, blackhead minnows and other suitable forage fishes are often employed. 

Dr. T. H. Langlois has succeeded in revolutionizing the method of rearing bass 
by using narrow ponds and feeding ground carp. When the fish-eating stage is 
reached, conditions in the ponds are such that there is very little, if any, vegetation. 

South Carolina reports success in feeding warm-water fishes with beef hearts and 
50 per cent wheat shorts by volume. The shorts absorb the superfluous blood, giv- 
ing the meat particles additional buoyancy, and thus enabling the fish to consume 
the food before it settles to the bottom. 

Alabama reports the use of beef hearts and stale bread. There were instances 
where beef liver and hearts did not produce results comparable with the natural 
foods produced in hatchery ponds. 

Disease Control—In disease control three fundamental factors must be kept in 
mind; these may be set forth more or less categorically as follows: 

1. Prevention of overcrowded conditions. 
2. Sanitation. 
3. Proper feeding methods. 

If proper attention is not paid to these requirements, high mortality will result. 
When all is said and done, prevention rather than cure should be the chief con- 
sideration. 

Acriflavine is a valuable disinfectant. In Ontario we have used it successfully 
for treating bacterial infection of lake trout eggs. 

J. H. Wales and R. C. Lewis of the California Division of Fish and Game have 
shown that unless care is taken water may become polluted with fine particles of 
dry skim milk and salmon egg meal. These fine particles are harmful to the gills 
of very young trout, especially rainbows. It is suggested that the young trout be 
started on 100 per cent heart, gradually changing to liver and meal later, since 
heart can not be combined satisfactorily with dry meals. 

J. H. Wales and Donald Evins, California Division of Fish and Game, report 
that there seems to be little doubt that certain kinds of organic material and 
living organisms such as diatoms, other small algal forms, bacteria, and protozea 
in water supplies lead to irritation of the gills. This disease which is not due 
to a specific organism is called ‘‘Sestonosis,’’ ‘‘seston’’ meaning a mixture of liv- 
ing and non-living bodies which float in the water and ‘‘osis’’ indicating disease. 
Certain strains of trout are more resistant than others. This difference might 
have been brought about by natural selection in the native waters of particular 
strains of trout. 

The use of calomel in treating fish suffering from octomitus is of very great 
value. This treatment was originally suggested by C. M. McCay and A. V. 
Tunison. 

Intensive researches are being conducted to find a cure for furunculosis. Wis- 
consin workers have experimented with injections of sera, antigens, ete. The 
drug, sulphanilamide, and also malachite green, gentian violet and acriflavine 
have been tried. It is reported that some of these experiments have supplied en- 
couraging but not conclusive results. J. H. Wales and W. Berrian, California 
Division of Fish and Game, have suggested that fin rot may act as one predis- 
posing factor in furunculosis. This suggests the importance of correcting fin rot 
before it becomes advanced or widespread. 

Heavy fertilization of ponds leads to heavy. infestations of fish with flukes. 

**H.T.H.’’ is used extensively for sterilizing ponds and hatchery equipment. 
Certain Ontario hatchery officers have used ‘‘H.T.H.’’ as a treatment for gill 
disease and record success, but we are frowning upon its more general use for this 
purpose until its success is clearly demonstrated. 

Wisconsin reports a method of collecting bass spawn by the usual stripping 
method. Just how practical this is as compared with the natural spawning 
method remains to be proven. 

During the past winter Wisconsin fish-culturists, biologists and endocrinolo- 
gists developed a method of injecting pituitary hormone into fish in order to 
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advance or hasten their spawning activity. It is reported that this was put into 
practice during the spring of 1939 with considerable success, in connection with 
the spawning of maskinonge. 

In conclusion, it should be mentioned that the use of white enamelled troughs 
in hatcheries is becoming more general due to the ease with which disease and 
debris may be observed in troughs of this kind. 


REPORT OF THE DIVISION OF AQUATIC BIOLOGY AND PHYSICS 


L. R. DONALDSON 


I shall not attempt to read a long dissertation on the various activities in 
this most extensive field. I will just comment, in a sentence or two, on the 
highlights that appeal to me as being outstanding. 

Work in the fields of aquatic biology and physics during the past year has 
been characterized by its practical trends and its application to the problems 
of practical importance. Problems of fish management have occupied the 
‘‘lion’s share’’ of our attention. 

The attitude of the workers in this field is encouraging, inasmuch as it has 
assumed a rather critical trend and a questioning tendency. The procedures 
that we have accepted as standard are being evaluated more and more with 
emphasis on the practical side and its application to fisheries in general. 
Some of the other basic fields of fisheries research, however, have not quite 
kept pace. I refer especially to the fields of fish physiology as applied par- 
ticularly to our commercial and sport fishes. Research institutions with ade- 
quate equipment and universities and colleges that have adequate staffs and 
equipment might well emphasize these phases of fisheries research to augment 
our knowledge and its added application to the more practical fields. 


REPORT OF THE DIVISION OF COMMERCIAL FISHING 


J. DEASON 


In the beginning there was an abundance of fish, and fishermen were few. 
As the number of fishermen increased and the methods of fishing improved 
the total quantity of fish produced also increased. But soon came a time when 
the increases in number of fishermen, number of boats, and quantity of fishing 
gear did not result in a commensurate increase in the catch. Thus depletion 
entered the picture, and the need arose for scientific investigations to deter- 
mine the causes of the decline in the yield of the fisheries. Conservation of 
existing resources and attempts to rehabilitate the stocks were almost invari- 
ably recommended upon the completion of fisheries studies. 

The first large program of fisheries research was begun in Denmark and 
Norway about 1860. Fisheries investigations assumed international scope with 
the organization of the International Council (Conseil Permanent International 
pour Exploration de la Mer) in about 1900. Since that time the International 
Council has been concerned primarily with the conservation and rehabilitation 
of the fisheries of the North Sea. Many of the fundamental methods, the dif- 
ferent kinds of apparatus, and the biological principles that are now associated 
with the large commercial fisheries research programs had their origin in the 
work of the Danish and Norwegian investigations and of the International 
Council. These same fundamental methods and principles have recently been 
applied to investigations of game fishes. The much earlier establishment of the 
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commercial fishing industry and consequently the much more prior decimation 
of the stocks of some of the principal commercial species led to a serious need 
for scientific investigations of the commercial fisheries long before angling 
had become so popular that the perpetuation of the sport was threatened. 

It is believed that a discussion of some of the various commercial fisheries 
investigations that are in progress in various parts of North America at the 
present time will provide a worthwhile departure from the economic and in- 
dustrial report usually presented by the vice-president of the Division of Com- 
mercial Fishing. Some time ago letters were addressed to a large number of 
fisheries workers in North America requesting information concerning their 
current research activities. The factual information contained in this report 
has been gleaned from the many and generous responses to those letters. 

Fisheries research is aimed at the general objective of conservation, which 
may be defined as saving what we have. The many attempts at conservation of 
commercial species of fishes have, in the main, been unsuccessful and are best 
described by a perversion of the term, conservation, to a form frequently met 
as a typographical error, “conversation.” Conservation, in the sense of saving 
what we have, is an idealistic procedure and usually takes some form of re- 
habilitation. To continue the definitions: rehabilitation is an attempt to regain 
what has been lost, or, in paraphrase, “locking the barn after the horse has 
been stolen.” Rehabilitation is best effected through management; management 
in this sense meaning the spending of the “net earnings or proceeds” and not 
the ‘‘capital stock, machinery, and fixtures.’’ Utilization is making use of what 
we formerly did not harvest, or threw in the garbage can. 

Not until emergencies arise and sentiment is aroused to fever heat are 
finances and personnel made available for the securing of factual information 
concerning the life-histories, natural abundance, distribution, and other details 
that serve to facilitate a sound regulation of the fisheries. The International 
Council was born of the seriously impaired North Sea fisheries. The threatened 
collapse of the Alaska salmon-packing industry led to the establishment of a 
continuous research program and the institution of a system of discretionary 
management and regulation. The very serious decline in the catches of the 
halibut and the inability of legislative agencies to enact constructive regula- 
tions led to the signing of an international treaty providing for scientific in- 
vestigations by an international commission. The treaty was later amended 
to grant the commission regulatory powers. The collapse of the Lake Erie 
cisco fishery in 1925 led to the establishment two years later of a continuous 
fisheries research program on the Great Lakes by the U. S. Bureau of Fisheries. 
Previous to that time declines in abundance of important Great Lakes species 
had been noted, and conservation officials and commercial fishermen had been 
warned by the individuals who were detailed to make casual surveys, but very 
little constructive action resulted. The threatened extinction of the abalone 
in California led to researches that were instrumental in the enactment of 
very stringent legislation. If the abalone fishery had been judiciously ex- 
ploited from the beginning, we would not now have the unfortunate condi- 
tion where the mention of the word, abalone, in localities apart from the Pacific 
Coast is met with the query, “Is it fruit, vegetable, or meat?” 

The necessity for rehabilitation almost invariably results either from un- 
wise exploitation and unwarranted expansion of fishing activities, or from the 
destruction of spawning grounds and nursery areas by industrial or other pol- 
lution or by large-scale water impoundment or irrigation projects. Examples 


1Sincere thanks are offered for the information supplied by Mr. Elmer Higgins, Mr. W. C. 
Herrington, Dr. Frederick A. Davidson, and Mr. Robert A. Nesbit, U. S. Bureau of Fish- 
eries; Dr. W. F. Thompson and Dr. R. E. Foerster, International Pacific Salmon Fisheries 
Commission; Dr. Wilbert A. Clemens, Fisheries Research Board of Canada; Dr. Willis H. 
Rich, Fish Commission of Oregon: Dr. Frances N. Clark, Calfornia State Fisheries Labora- 
tory; Dr. Emmeline Moore, New York Conservation Department; Dr. T. H. Langlois, Ohio 
Division of Conservation; Dr. Edward Schneberger, Wisconsin Conservation Department; 
and Dr. Lewis Radcliffe, Oyster Institute of North America. 
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of depletion and of the research work in progress that is designed to halt the 
decline and bring about rehabilitation will be mentioned according to regions 
and individual species. 


Paciric Coast 


Halibut—The investigations of the International Halibut Commission dis- 
elosed that the annual catch of halibut was being maintained by a constant 
increase of fishing intensity and the continuous extension of operations to 
inelude new grounds. Through an analysis of the catch data in terms of yield 
per unit of fishing effort, by coordinating previous researches, and by con- 
tinuing investigations of all phases of the natural history and distribution of 
the species, data were obtained that enabled the Commission to attempt to re- 
store the abundance of halibut through a limitation of catch. A considerable 
strengthening of the population and a larger catch per unit of effort have re- 
sulted. The halibut fishery has now become largely seasonal, for fishermen 
produce their allotted quota in a few months, and at a time of the year when 
damage to spawning adults is least likely to occur. Expansion of the halibut 
industry has been discouraged, and the maintenance of an adequate popula- 
tion to support the limited fishery has been assured. 


Pacific Salmon—The several species of Pacific salmon that support fisheries 
from California to Alaska present many complex problems and the researches 
in progress are correspondingly numerous and diversified. Studies of the pink 
salmon are being made by the U. S. Bureau of Fisheries, by the Fisheries Re- 
search Board of Canada, and by state and provincial agencies. The work in- 
eludes studies of fluctuations in natural abundance, and the time of appear- 
ance of runs. Migration is being investigated through tagging experiments, 
and oceanographic observations are yielding physico-chemical data for correla- 
tion with the migration data. The Bureau of Fisheries’ studies of the coho 
salmon concern the life history, migration, and observations on spawning 
grounds. The red salmon of Bristol Bay recently has been subjected to such 
extensive offshore exploitation that considerable concern over the future of 
the fisheries has been voiced. The Bureau of Fisheries received special appro- 
priations for large-scale investigations that include an evaluation of the spawn- 
ing populations, analyses of the runs, and the determination of causes of the 
mortality of eggs and young fish. Marine studies of red salmon are principally 
oceanographic and migrational. Fecundity is being studied by means of ovarian 
eounts. The recently established International Pacific Salmon Fisheries Com- 
mission has taken over the investigation of the Fraser River sockeye, which 
has now been reduced to about one-fourth of its former abundance. Present 
work includes research on migration times and routes, counts of spawning es- 
capement, and racial and natural history studies of sockeyes in each nursery 
area. Construction projects and irrigation diversions have rendered many 
rivers and portions of river systems unsuitable for salmon and have made 
many spawning grounds inaccessible. The Bureau of Fisheries has an ex- 
tensive stream survey of the Columbia River System in progress for the pur- 
pose of classifying areas that may be repopulated and made accessible to the 
salmon. The survey has included studies of the spawning redds of several 
species of salmon. The marking of chinooks will determine the rate and route 
of migration, the distribution in the river and the mortality during migration. 
A similar study by the Fish Commission of Oregon has been concerned with 
evaluating the adverse effects of the Bonneville and Grand Coulee dams on the 
salmon resources. The Bureau of Reclamation also is cooperating in that in- 
vestigation. Construction projects, as well as overfishing, have reduced the 
salmon runs in certain California rivers. The California Department of Fish 
and Game is attempting to evaluate present salmon runs in each stream, to 
determine the relationship of present and proposed structures to spawning 
areas, and to estimate the spawning escapement with a view to establishing 
a maximum sustained yield for each area. Studies of predators and predator- 
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control measures are also being considered in various salmon waters, princi- 
pally by investigators of the Fisheries Research Board of Canada, who have 
determined that the low percentage of survival of naturally hatched fry has 
a definite relationship to predators. 


Pilchard—tThe pilchard, or California sardine, is the most important single spe- 
cies in North America from the standpoint of total catch. There has been a 
tremendous increase in annual production during the last decade, which is 
directly traceable to the expansion of the fishing fleet and the multiplication 
of floating reduction plants that anchor offshore, outside of the jurisdiction 
of state conservation officials, and thus exempt themselves from regulations 
that have been enacted for the preservation of the species, and from payment 
of the tonnage tax. Studies supported by the conservation departments of the 
three Pacific Coast states, especially by California, and by the Province of 
British Columbia, had resulted in the accumulation of a considerable fund of 
life-history, ecological and statistical information. In 1937, the U. 8S. Bureau 
of Fisheries entered the field, not solely as an independent agency, but as a 
coordinator of the various research activities, and also to carry on new lines 
of investigation of greater than intrastate scope. The primary objective of 
all the pilchard research is to determine whether or not natural criteria can 
be discovered that will enable the fisheries scientists to forecast the available 
eatch each year and also determine the proper limit on production, so that 
irreparable depletion of the population will not occur. 

Pacific herring—Investigations of the Pacific herring are being conducted by 
the Fisheries Research Board of Canada and by the U. S. Bureau of Fisheries. 
The Bureau has been concerned with the tremendous decrease in the Alaska 
herring fishery that took place subsequent to 1927. One factor in the de- 
cline has appeared to be the complete absence of three consecutive year 
classes, 1932, 1933, and 1934, in the population of the major fishing area. These 
deficiencies, together with a too intensive fishery, reduced the species to a 
dangerously low level of abundance. Tagging experiments demonstrated the 
existence of localized populations, and a repeated use of certain spawning 
grounds by the same individuals. Herring fisheries of northern Alaska areas 
are less intensively prosecuted than the southeastern fisheries, and are in 
better condition. Canadian researches consisted principally of a tagging pro- 
gram and the sampling of the commercial catches. Local populations of her- 
ring have been found to occur in British Columbia waters. 

These important lines of investigation are by no means inclusive of all the 
work that is being done on the Pacific Coast. Investigations are under way 


also on the mackerel, tuna, flatfishes, oysters, and many other species of lesser 
importance. 


ATLANTIC COAST 


Shad—tThe yield of the shad fishery has been reduced to about one-fourth of 
its former annual total, and actually the depletion of the stocks has been 
much greater than the production statistics alone would indicate, because pres- 
ent-day catches are obtained through a much greater expenditure of fishing 
effort than was necessary for the production of the former maximum annual 
eatches. Pollution, as well as overfishing, has played a part in the decline. 
Studies of spawning escapement and of age composition of the stocks are 
being conducted by the U. S. Bureau of Fisheries, in order to evaluate the 
magnitude of the different runs. Maryland is cooperating in the studies by 
investigating some of the more local shad populations and fisheries. Recov- 
eries have been effected in the Hudson and Connecticut Rivers by the enforce- 
ment of stringent regulations. However, divided control of the fishery in other 
rivers, differences in the kind of gear used in various areas, and mixed fish- 
eries in certain regions, where shad is only one of a number of species taken, 
make the formulation of adequate preservation measures a complicated task. 
Unified control by an interstate agency may ultimately prove necessary. 
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Striped bass—It has been recognized that the striped bass population is in- 
capable of supporting yields comparable to those of the cod, haddock, or 
mackerel. The conservation of striped bass is further complicated by its value 
as a game fish. Researches of the Maryland Conservation Department demon- 
strated the important role of dominant year classes in the population, and 
proved that dominant year classes do not necessarily result from an unusual 
abundance of spawning adults on the grounds. Tagging experiments conducted 
by the Maryland Conservation Department and the Bureau of Fisheries resulted 
in the conclusion that overfishing was the principal cause of the decline in 
abundance. An increase of the legal size limit has been recommended in order 


to permit more adults to attain sexual maturity and thus provide for a larger 
spawning reserve. 


Haddock—The catch of haddock has exhibited a significant decrease during the 
past three years and at the same time the percentage of small haddock or 
scrod in the catches has tended to increase. The capture and sale of larger 
quantities of small haddock is considered poor economy, inasmuch as the fish 
are growing very rapidly at the time of capture and if allowed to remain in 
the water for an additional period would not only yield a greater poundage 
to the fishermen, but would bring a better price per pound. The catches per 
unit of effort, according to Bureau of Fisheries data, have remained at a sig- 
nificantly low level since 1931 as compared with the catches of earlier years. 
Researches are being conducted to determine the causes of fluctuations in 


abundance, to analyze the age composition of the catches and of the popula- 
tions, and to study migrations. 


Mackerel—Records compiled by the Bureau of Fisheries show that the mackerel 
catches have exhibited tremendous fluctuations, but that the total annual land- 
ings of the earlier days of the fishery (prior to 1885) were about twice as 
great as those of recent years. In 1937 the mackerel fishery was almost a 
financial failure. Long and diversified researches have proved that the com- 
mercial catch of a particular season is made up of only a very small number 
of year classes, and in some years consists almost entirely of a single year 
class. A study of the relationship between hydrographic conditions and the 
eatches has demonstrated that there is a possible relationship between tem- 
perature and the success or failure of the fishery. Studies of factors such 
as migration, the natural mortality of certain year classes, and the selective 


effects of various types of fishing gear are included in the investigational 
program. 


Flounder—aAt least five species of flounders are involved in the fisheries, and 
each has its own characteristic life history and habitat. The present Bureau 
of Fisheries investigations involve, in addition to life-history studies, mea- 
surement of the abundance of the stocks in an effort to ascertain the causes 
of the declines in the annual landings that took place from 1930 to 1935. The 
flounder fishery studies are complicated by the fact that the sport fisheries 
during recent years are believed to produce as great an annual yield of one 
or more species as the commercial operations. It is evident that commercial 
production is being maintained largely by augmenting the fishing intensity. 
During 1938 the New York Conservation Department and the Bureau of Fish- 
eries made a cooperative survey off Long Island, and many pertinent data on 
both sport and commercial fisheries were accumulated. The cooperation of the 
State of Maine is promised, and that of other states expected, during the 
1939 season, in the collection of needed statistical records and other data. 
New York and Connecticut joined the Bureau in a tagging program in 1938. 
The recoveries reported so far have yielded important data on migration. 


Investigations of additional species could be mentioned, but the preceding 
remarks illustrate the general trend of fisheries research on the Atlantic Coast 
and show that in that area unwise exploitation and increased fishing intensity 
have given rise to the most troublesome problems of conservation. 
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GREAT LAKES 


The critical depletion of the more valuable commercial species continues to 
be the major problem of the Great Lakes fisheries. The extent of this deple- 
tion is apparent from comparisons of the present-day catches of certain species 
with those of former years. The depletion in Lake Michigan is fairly typical 
of the other lakes; if normal production is assigned an index value of 100, then 
the productions of the more important species are as follows: wall-eyed pike, 
62; lake herring, 59; lake trout, 58; whitefish, 58; yellow perch, 43. The famous 
Lake Superior whitefish is being produced in quantities that are 90 per cent 
below normal. The total catch of all species in Lake Ontario is 80 per cent 
below normal. In Lake Erie the production of nearly all important commercial 
species is on the decline. The downward trend in the production and the nat- 
ural abundance of important Great Lakes species has not reached its limit, ex- 
cept, of course, for the sturgeon, the Lake Ontario bloater, the blackfin of 
Lakes Michigan and Huron, and the cisco of Lake Erie, which have all been 
reduced to a position of commercial insignificance. Present conditions with 
reference to most species represent only a stage in the process of depletion 
that will certainly lead to the complete ruin of the fishery unless immediate 
and drastic measures are taken to halt present abuses. One by one studies of 
the life histories of the Great Lakes fishes are being completed by the U. S. 
Bureau of Fisheries. Gear-selectivity studies have been completed on three 
lakes. A recently inaugurated research program in Ohio should be of mate- 
rial assistance in building up a stock of factual information that will fa- 
cilitate sound regulation. Wisconsin is investigating some minor Great Lakes 
problems. The collection and analysis of daily catch statistics, that include 
information on the quantity and kind of gear and the length of time it was 
fished, have now reached a commendable state of efficiency in Michigan, Wis- 
consin, and Ohio. It is hoped that the remaining Great Lakes states will in- 
stitute similar statistical procedures without further delay. 


MANAGEMENT OF COMMERCIAL FISHERIES 


Sound regulation is synonymous with good management. The first essential 
to regulation is accurate knowledge. There is now available a vast store of 
data concerning most of the major commercial fisheries, but those data are of 
no practical value unless they form the basis of adequate regulations. The rec- 
ommendations made from time to time by investigating bodies occasionally 
have resulted in constructive legislation. That legislation, however, usually 
has been inadequate, and more often than not has represented a considerable 
departure from the original recommendations. Fully adequate regulations fre- 
quently are so drastic that a near-sighted commercial fishing industry will 
spend large sums of money to combat legislation that would work toward its 
ultimate betterment. Legislatures frequently are persuaded to modify exist- 
ing laws so that they will conform with those of the state that has the least 
stringent code. As an example, upon the basis of a three-year survey it was 
recommended that gill nets fished for chubs in Lake Michigan should be 2% 
inches stretched measure. The State of Wisconsin agreed to alter its regulation 
to meet the recommendation. Almost simultaneously, however, the Michigan 
legislature was persuaded to decrease its existing mesh specifications from 2% 
to 25g inches. Numerous similar illustrations might be given. Control of the 
fisheries through legislation formulated by ill-informed and disinterested legis- 
lators, who try to satisfy the clamorings of selfish and financially powerful 
constituents, frequently is eminently unsatisfactory. 

The effectiveness of any regulation depends solely upon its enforcement. 
The failure to enforce commercial fishing laws constitutes yet another im- 
pediment to a sane management program. Non-enforcement of a gill-net mesh 
regulation and failure to enforce size limits on two species for single seasons 
in Ohio produced increases in the annual catches. A prodigious quantity of 
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immature and commercially inferior fish was destroyed. Those increases, how- 
ever, were followed by a disproportionately large drop in the annual yield as 
soon as enforcement was resumed. The supposed gain actually was a loss. 
Another deterrent to sound conservation is the ease with which an organized 
group of fishermen may obtain injunctions from local courts that restrain the 
state officials from enforcing any laws that the fishermen consider an im- 
mediate and material detriment to their operations. 

The differences in the regulations of two or more adjacent or neighboring 
states that govern the fisheries of the same waters also result in dissatisfac- 
tion and give rise to irregularities in enforcement. Differences in mesh regu- 
lations and in size limits applied to the same fisheries actually encourage vio- 
lations. The possibility of the enactment and enforcement of uniform codes 
by different states is extremely slight, because of previously mentioned po- 
litical interference, lobbying, and enforcement irregularities that inevitably 
are associated with a system of divided control. 

The commercial fisheries deserve sound, intelligent management, and those fish- 
eries that are prosecuted by the fishermen of more than one state or nation must 
be placed under the jurisdiction of competent boards or commissions which col- 
leetively represent persons interested and informed concerning both the practical 
side of the fishing industry and the biology of the fishes that are produced. The 
success of the International Halibut Commission is an example of what can be 
accomplished by efficient management based upon a continually enlarging fund 
of scientific information. It must be realized that very little, if any, physical 
expansion can be permitted if the commercial fisheries are to be perpetuated. 
Retrenchment in many fisheries is extremely desirable. Controlled production, the 
inevitable result of sound management, will not only conserve the stock but will 
go far toward relieving unfavorable market conditions and eliminating unsavory 
wholesaling methods, that so frequently are disadvantageous to those who do the 
most work and yet reap the smallest profit—the men in the boats. 

Problems that accompany the installation of water-power and irrigation con- 
structions made without the consideration of adequate plans to preserve the fish 
fauna in the areas affected constitute another aspect of fisheries management that 
has received too little attention in the past. Fortunately, public sentiment has 
been aroused through several outstanding examples of neglect and disregard of 
the possible effects of construction projects, with the result that fisheries experts 
have been consulted with respect to some of the more recent developments. Fre- 
quently the authorities responsible for the developments have been very considerate 
of recommendations made by fisheries biologists. 


THE PROBLEM OF UTILIZATION 


Utilization is a much neglected phase of conservation that must receive a con- 
stantly greater amount of consideration if the greatest possible value is to accrue 
from our fisheries resources. A most important phase is the extension of fishing 
activities to new grounds so that the fishing intensity in heavily fished areas and 
the attendant dangers of irreparable depletion may be eliminated. Utilization 
must also attempt to find a market for species not ordinarily produced, so that 
all items of the crop, and not merely the choicest articles, are utilized. All too 
frequently are the possibilities for marketing new species wholly neglected until 
the choicer varieties have been seriously depleted. When that depletion has become 
a fact the fisherman, in order to exist, must produce and attempt to market the 
formerly neglected species. 

Technological studies have assisted in the utilization of cannery wastes and in- 
ferior products in the manufacture of by-products, but the field is still wide open 
and numerous advances in this phase of conservation are possible. Although tre- 
mendous advances have been made in canning, freezing, and packaging fisheries 
products, a mere beginning has been made, and the marketing problem itself has 
received little or no attention. With modern methods of transportation and re- 
frigerated rolling stock at the disposal of producers and wholesalers, there is no 
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reason why fresh fish can not be transported to almost any part of the United 
States and Canada, and reach the consumer in first-class condition. Many of us, 
however, have visited fresh fish markets in inland communities and found that 
recently received shipments of so-called fresh fish were fit for nothing but mink 
food. 

One of the most important problems of utilization concerns the necessity for a 
program of education in the use of fishery products. States advertise their in- 
dustries, food products, scenic attractions, and tourist facilities and frequently 
such advertising is supported by direct legislative appropriations. The highly 
developed systems of merchandising and advertising now associated with other 
foods are not duplicated in the fresh fish business. It is hopeless to expect fish 
and other sea foods, in the condition in which a large share of them is marketed, 
to compete with attractively displayed, rigidly inspected fruits, vegetables, and 
meats. These latter products are presented to the public through educational and 
advertising methods of the highest calibre. Fish, to a great many, is synonymous 
with a necessary evil-smelling substitute for meat that must be consumed on 
occasions in accordance with certain religious tenets of some groups of people. 

The present system of wholesaling results in unwarrantedly high retail prices 
that directly limit consumption. The wholesaler retains the lion’s share of the 
profit, and the retailer and producer are forced to absorb all loss through spoilage 
and operate on a scanty margin of profit. So long as the wholesale fish business 
remains in its present condition and exists for the benefit of a small number of un- 
scrupulous individuals who are deserving of the name ‘‘racketeers,’’ the public 
will not be given palatable fish and the producer will not receive a fair price for 
his product. The producer will exploit the natural supply to the greatest possible 
extent, will oppose any and all sound measures for the preservation of the re- 
sources, and when apprehended for infractions will plead dire poverty and distress. 

Supervision of fish markets and of the marketing systems is just as much a 
province of conservation officials as the regulation of the production of the fish- 
eries. Conservation is wise utilization to the best possible advantage, and in the 
realization of that ideal there is no room for wilful waste and unregulated 
profiteering. Let us take immediate steps to free the fisherman, especially the 
small independent man, from the clutches of commission merchants who have him 
in virtual servitude. Wise utilization of the products of our fisheries will work 
toward better laws, less opposition to adequate and constructive regulation of the 
fishing enterprise, and an improvement of the social and economic status of the 
man who works in the boats. 


REPORT OF THE DIVISION OF PROTECTION AND LEGISLATION 


C. ADAMS 


The interest shown in affording additional protection to striped bass on the 
Atlantic coast is one of the outstanding developments of the past year. The 
U. S. Bureau of Fisheries sent out an announcement some months ago advocat- 
ing that the minimum length of this fish be 16 inches from the nose to the fork 
of the tail. New York, at the last session of its legislature, passed a law pro- 
hibiting the possession and sale of striped bass under this minimum length. The 
legislation will result in increased research on this fish throughout its entire 
Atlantie coast range, thus laying the foundation for better management in 
future years. 

In the broader field of the entire country the outstanding development is 
greater recognition of the possibilities which lie in interstate compacts or 
treaties for the handling of fisheries involving more than one state. In a large 
number of states there have been set up joint legislative committees on inter- 
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state agreements. The Council of State Governments, with headquarters in 
Chicago, is the “quarterback” assisting the states in all attempts to enter into 
compacts. 

At the present time such a compact is under consideration by all the states 
along the Atlantic seaboard. The states bordering on the Great Lakes are 
interested in a like effort under the auspices of the Council of State Govern- 
ments. The possibilities of a treaty between the Dominion of Canada and the 
United States are being explored in the belief that this will be the most effec- 
tive method of managing the fisheries resources of all the Great Lakes. 

I regret that I am not sufficiently informed to discuss matters on the Pacific 
coast. There will be those present who can supplement this report in that field. 


REPORT OF THE DIVISION OF ANGLING 


C. R. GUTERMUTH 


It is regretted that a comprehensive report on angling cannot be submitted 
to the Society at this time. Such a summary would comprise a lengthy list of 
accomplishments that resulted from the extensive fisheries program being prose- 
cuted throughout North America. The sportsman-angler, the fellow who pays 
for this work, probably would not be interested in the report but he is greatly 
interested in the results. Our present day fisherman does not pay much atten- 
tion to annual reports and he is no longer impressed with gigantic figures of 
“paper fish.” His judgment of our work is predicated on one thing, fishing 
conditions, and the only results he knows are the kind that show up in his creel. 
So, a complete report by the Division of Angling might well reflect the success 
or failure of our entire fisheries program. 

The average fisherman appreciates the need for scientific investigation and 
realizes the benefits of fish culture, but the results he so patiently awaits have 
in many cases been very slow in coming about and his forbearance is waning. 
With the passing of the last new frontier and with the opening up and deple- 
tion of the remainder of our virgin territory he is faced with reality and for 
the first time acknowledges that something must be done to conserve, restore, 
and perpetuate what is left. The increased leisure hours of recent years have 
added thousands of new enthusiasts to the ranks of ardent fishermen. 

The newcomers, like the old-timers, are practical business men so they consider 
this business of fishing from a practical standpoint. They are beginning to 
wonder and are asking each other if, maybe, too much attention isn’t being 
given to fish propagation at the expense of stream and lake improvement work. 
Many seem to think that nature would do a lot more for us if we would attempt 
to do things in her way instead of ours. Now how do they say it on the 
radio? “These opinions are not necessarily those of your committee but they do 
voice the sentiment of a great many fishermen.” 

Experience shows that fishermen are ready to do something besides talk. 
They are willing actually to work to help bring about the desired results. Of 
course, their assistance must be solicited and their efforts must be guided, at 
least for a while, but it is amazing how some of the states have expanded their 
operations with the support and cooperation of the local fishermen. One state, 
Indiana, has 434 club-operated fish hatchery ponds and nearly 400 of its 917 
conservation clubs are actively engaged in stream and lake improvement work. 
This is bringing about the tangible results the fishermen can appreciate. No 
doubt some of the other states have equally startling reports. 

From the viewpoint of the sportsman-angler there are three subjects that 
should receive attention from this organization: First, minnows and other fish 
foods that are used for bait; second, sport fishing in the Great Lakes; third, 
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the tendeney of scientific workers to consider only trout to the neglect of many 
other important families of fishes and the much needed study of fresh-water 
ecology. 

There is a growing complaint from fishermen everywhere that bait is getting 
scarce. Realizing the importance of live bait as a natural fish food, the anglers 
in some states have asked for laws to prevent non-resident bait dealers from 
coming into their state and seining the streams. If you have watched the trend 
of the various state legislatures you have observed that they are placing more 
and more restrictions on bait dealers and on the seinings done by the fishermen 
themselves. In a few states, for example, bait dealers are now under permit 
and you can find numerous streams, in which trout have been stocked, that may 
not be seined at all. Occasionally bait dealers ask for information on how to 
raise minnows and these people frequently remark that the end of promiscuous 
seining of streams is near at hand and that they ~vish to begin to raise their 
own bait. So, it is evident that the public attitude is changing and that in a 
short time the state departments will be obliged and must be able to tell the 
bait dealers and the fishermen what minnows can be most easily raised and how, 
what species have the qualities that make them good bait, and what species 
other than minnows can be produced in ponds to be sold as bait. 

Investigation may disclose that one or more species of suckers can be pro- 
duced in ponds. It is likely that crayfish could be produced easily and so 
managed that they will grow rapidly and that soft-shelled crayfish will be con- 
stantly on hand for sale to fishermen. It may be that bait dealers can learn to 
produce dobson-fly larvae—the much sought hellgrammite. Perhaps there are 
other forms not now considered that will come into use. There is a possibility 
that from the commercial bait business we will learn more about how to im- 
prove fish foods in our lakes and streams. At any rate, here is a whole field 
open for investigation and experiment, one that should and will receive a great 
deal of attention in the early future. 

If the demands on our fisheries resources continue to increase it is going to 
be necessary to provide an enormous amount of additional fishing territory and 
many anglers are looking to the Great Lakes. Sport fishing in the Great Lakes 
is not altogether in the future. For many years anglers have fished from the 
piers for perch and sheepshead and occasionally they take cruises along the 
shoreline of Lake Michigan or Lake Superior in quest of lake trout. Recently 
the State of Michigan set aside certain bays in Lake Michigan for sport fishing 
by prohibiting commercial fishing, and a similar action was taken on Lake 
Superior. Angling is becoming a recognized sport in portions of these large 
bodies of water, and, no doubt, in this increased sport fishing we may find a 
new support for conserving and managing the fish of the Great Lakes. If the 
sportsmen add their influence to that of the scientists now engaged in the 
studies of Great Lakes fisheries, and if the commercial fishermen can be 
brought into cooperation with the anglers, we stand a good chance of working 
out a program for the preservation of our Great Lakes fisheries. 

Should this happen—and it looks as if the tendency is in that direction— 
then we may face the problem of coordinating the efforts and of balancing the 
interests of both the commercial men and the sportsmen. This is not always 
an easy task but it can be done. 

In this connection it might be well to review some generalizations. If you 
will recall, it was not the lumbermen who saved the forests, although they had 
the greatest interest at stake. The sportsmen, fishermen, and hunters brought 
about that conservation. It was not the effort of those who fished our inland 
streams and lakes commercially that saved our fish life; again it was the 
activity of the sportsmen. Look over the entire field of conservation and you 
will note that in every case it was not the people who made a living from 
wildlife who saved that wildlife but it was those who enjoyed it—the hunter, 
the angler, the bait fisherman, and many other kinds of outdoorsmen and 
nature-lovers. It is not the lumbermen who are now making demands that 
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wooded wildernesses be saved for posterity, and it is going to be up to the 
sportsmen and nature-lovers again to curtail the road building into the bits of 
the primeval that are left. And I might add this: When the highway comes in, 
the wilderness goes out. Those who think they can have both a wilderness and 
a broad highway are mistaken; the wilderness goes with the canoe, the snow- 
shoe, and the packsack. 

In discussing the third phase of this report, the scientific work, it should be 
said that there are thousands of mysteries connected with our finny creatures. 
To start with, we need a more thorough study of the sunfishes. We need this 
because the bluegill, the prince of all the sunfishes, is becoming a “warm-water 
trout,” in effect. Thousands of fishermen have learned to use their trout flies 
on bluegills, and these anglers will tell you that catching bluegills with such 
tackle is nearly as much fun as catching trout. Anglers say that bluegills 
behave similarly to trout on the hook, cause the same swirl in the water, have 
nearly the same strength and put up a similar battle, and that bluegill fishing 
is one of the best of all sports. 

We do not need studies of the bluegill for the primary purpose of raising and 
liberating more fish. What we should know is whether the lakes and streams 
are productive and fertile and whether they can be improved if they are not. 
It is almost impossible to avoid reference to the club production of fish in 
Indiana. As you know, the Hoosier clubs raise bluegills, red-eared sunfish, 
largemouth and smallmouth black bass, crappies, rock bass, and trout, under 
contract with the State Department. Last year the clubs themselves raised 
and liberated more than seven million fingerling fish. Six million of the total 
were bluegills. 

When fishermen raise fish, their sentiments change. They become interested 
in scientific problems. They suddenly assume a new attitude and begin to be 
concerned about the natural reproduction in our waters. They cease to be 
violators. Some even become informers, guardians or deputy wardens and be- 
come evangelists for conservation and arouse a new public interest. Perhaps 
this is the most important result of fish production by clubs, but the changed 
attitude also leads to other beneficial results, such as stream and lake improve- 
ment and reforestation. 

The artificial propagation of fish has reached astonishing heights, and viola- 
tions have been reduced to a minimum, which takes care of two of our major 
problems, but as yet, in most states, little is being done to stimulate natural 
propagation or to improve conditions for aquatic life. We need more research 
on these problems and we cannot afford to give our attention wholly to trout 
or to any other single class of fishes. If we would find out more about our lakes 
it may be that we shall have to raise our creel limits on some species, such as 
bluegills and red-ears, and even urge that people do more fishing for the sake 
of the sport. This is a somewhat radical idea, perhaps, but an idea neverthe- 
less that is suggested for whatever it is worth. Some of our lakes actually may 
be overstocked, and there may be a problem of either taking out more fish or 
improving the fertility of the lake. 

Very little is known concerning the fate of hatchery-reared fish after they 
are planted. Many questions remain unanswered. For example, what are all 
the sunfish of various sorts that do not seem to fit any particular classification, 
and does the bluegill with a triangle-shaped ear differ from the ordinary blue- 
gill? Billions of wall-eyed pike have been planted. Where are they? How 
many nests of bluegills should maintain the bluegill stock in a 100-acre lake? 
What may be expected from the thousands of new artificial lakes that have 
been formed? 

The same situation of lack of knowledge applies to bass and catfish. You 
may be surprised that anyone would mention catfish to an angler, but it should 
be remembered that two species of catfish in the Mississippi system will grow 
from 50 to 100 pounds or more in weight. Angling for these big fish is develop- 
ing into quite a popular sport. In several sections of the Middle West the cat 
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fishes already rank with the other game fishes. They will always remain food 
fishes, of course, and will be commercial fishes, but they will be sought also 
with heavy sporting tackle, possibly with salt-water tackle. The commercial 
fishermen have not questioned the future of the catfish, but have the lumber- 
man’s attitude. Their purpose is to take and sell but, now that the anglers are 
becoming interested, the conservation sentiment will increase. The sportsmen 
are going to take means to insure the availability of more 100-pounders. The 
time may come when angling for big catfish will be just as popular a sport as 
angling for salmon in Canadian coastal streams, or the trolling for sailfish. 

It should be emphatically stated that the problems with regard to warm- 
water fishes are not localized; they cover a vast territory, much larger than 
the restricted sections where the chief interest is in trout or salmon. Bluegills 
(also locally called panners or bream) are an important fish to millions of fish- 
ermen from one end of the country to the other. The catfishes, bass, and other 
species of warm-water fishes have even a wider range of interest than the blue- © 
gill. This Society should give more attention to those species that serve anglers 
of the vast areas that never knew and never can know the charr or the rainbow 
trout. Let there be no misunderstanding—increased attention should be given 
to warm-water species without subtracting to the slightest extent from the 
consideration afforded cold-water fish. 

In summary, here are the recommendations: First, that we study the natural 
baits, with a view to recommending that commercial bait dealers raise them in 
ponds; second, that we interest the sportsman in the Great Lakes fisheries; 
third, that we give more attention to limnology and to the warm-water species 
without detracting from the studies of cold-water fishes. 


REPORTS OF STANDING COMMITTEES 


REPORT OF THE COMMITTEE ON FOREIGN RELATIONS 
CHARLES E. JACKSON 


The Committee on Foreign Relations submits herewith a resume of the status 
of international fisheries which involve the United States and neighboring 
countries. In addition to those mentioned herein, there are several fisheries 
matters approaching the initial stage which have not developed sufficiently at 
the present time to justify a report. 


INTERNATIONAL CONTROL OF GREAT LAKES FISHERIES 


At a conference held in Detroit, Michigan, February 25 and 26, 1938, under the 
auspices of the Council of State Governments to consider the problems of fishery 
conservation of the Great Lakes, which was attended by representatives of the 
states bordering the Great Lakes, the State Department, Bureau of Fisheries, 
and Province of Ontario, a resolution was adopted unanimously requesting the 
State Department to discuss with the appropriate Canadian authorities the 
advisability of a treaty to establish an International Board of Inquiry whose 
function it would be to recommend measures for the conservation of the Great 
Lakes fisheries. The conference recommended the conclusion of such a treaty. 

At a second conference held by the Council of State Governments in Chi- 
cago on December 5, 1938, the previous action was reaffirmed and following dis- 
cussions with the representative of the Province of Ontario further conversa- 
tions were held between the State Department and the Department of External 
Affairs of the Dominion of Canada. 

In January, 1939, the Canadian authorities offered a counter proposal that a 
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Board of Inquiry of four members, two to be appointed by each of the govern- 
ments concerned, be established by a formal exchange of notes rather than by 
a treaty and it was understood that such a plan will be followed. 

Tentative selection of personnel and preliminary planning of the activities 
of this Board of Inquiry are now proceeding and it is believed that final action 
on the appointment of the Board will be taken within a few weeks. 

It is anticipated that such a Board of Inquiry will hold a series of public 
hearings in the Great Lakes region assembling in compact form all available 
information regarding the status of the fisheries, the methods of administration, 
the need for coordinative control, public sentiment for the various methods of 


control, and the possible character of an international treaty to provide such 
unified control. 


JAPANESE FISHERY ACTIVITIES IN ALASKA 


Japanese floating plants began exploitation of the king or spider crabs in Bris- 
tol Bay in 1930, when the cannery Taihoku Maru (7,834 tons), with a trawler and 
several power launches, was operated in the district and was said to have 
packed over 20,000 cases of crab meat. Since that time from one to four 
floating plants, together with their auxiliary vessels, have been engaged each 
year. 

Although operations have been directed chiefly to crab fishing and canning, 
one vessel has been used for the manufacture of meal and oil from bottom fish 
taken by trawling. In 1936 a floating salmon cannery that had been licensed 
to operate off the Siberian coast entered the Bristol Bay district for a time, 
since fishing in its normal place of operation was delayed by ice conditions. 

In 1936, also, an extensive study of the routes of migration and availability 
of salmon in Bering Sea waters was begun under the auspices of the Japanese 
Government. This expansion of Japanese activities with respect to the salmon 


fishery alarmed Bristol Bay packers, and strong protests were made against 
the threatened encroachment on the Alaska salmon fisheries. 

Diplomatic negotiations between the countries involved finally resulted in 
assurances by the Japanese Government in the spring of 1938 that it would 
suspend its official survey of salmon resources in the waters of Bristol Bay and 
that it would continue to suspend the issuance of licenses for vessels to fish for 


salmon in these waters. 
to this policy. 

Only one Japanese crab cannery, the Toten Maru (2,951 tons), was operated in 
Bristol Bay waters in 1938. It was accompanied by three 50-foot trawlers and 
ten launches about 30 feet long, and it left the district before the salmon runs 
began. This vessel also returned to Bristol Bay in the spring of 1939 to engage 
exclusively in crab fishing. Official reports indicate that its operations there 
were discontinued before the first of June. 

The entire problem of protecting and conserving the Alaska fisheries is 
receiving constant and practical attention by various branches of the Govern- 
ment. 

The Japanese training ship Hakuyo Maru (1,327 tons), of the Tokyo Fisheries 
Institute, plans to visit certain Pacific ports of the United States this summer, 
including a call at St. Paul Island on July 12 and 13 for the purpose of giving 
its students an opportunity to acquaint themselves with conditions in regard to 
the breeding of fur seals and the facilities provided for their protection while 
breeding. The Japanese Government is one of the signatory powers in the 
North Pacific Sealing Convention for the protection of fur seals and sea otters 
of the North Pacific and has an interest in the sealing operations carried on by 
the United States at the Pribilof Islands, receiving 15 per cent of the annual 
take of fur-seal skins there. The United States, in turn, receives 10 per cent 
of the take of skins from the fur-seal herd that has its breeding grounds on 
islands under Japanese jurisdiction. The other signatories to the North 
Pacific Sealing Convention are Canada and the Union of Soviet Socialist Republics. 


In so far as known, there has been faithful adherence 
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The cruises of the Hakuyo Maru are concerned not only with fur seals, but give 
the students opportunity to learn deep-sea fishing. The vessel has a comprehensive 
library and oceanographic equipment for scientific study of marine life in all its 
branches, and there is a small outfit for experimental canning of salmon and 


crabs. The Hakuyo Maru has made cruises in the Bering Sea during several pre. 
vious seasons. 


INTERNATIONAL FISHERIES COMMISSION 


The International Fisheries Commission, created by convention between the 
United States and Canada, continues to show outstanding progress in the re- 
habilitation of the North Pacific halibut fishery. Its success demonstrates what 
can be accomplished by the rational control of a badly depleted fishery and 
vroves the feasibility of international control of international fisheries. 

It will be recalled that the halibut fishery had a history of decline prior to 
its regulation by the Commission. The Commission’s investigations have shown 
a decline in abundance of 87 per cent from 1907 to 1930 on the longer-fished 
southern grounds off the coasts of British Columbia and southeastern Alaska 
and a decline of 75 per cent from 1915 to 1930 on the western banks off the 
coast of central and western Alaska. Total annual landings decreased after 
1915 in spite of a continual increase in the amount of fishing. The decline in 
abundance was accompanied by a great reduction of the spawning stock on 
the western grounds and by the virtual elimination of spawners on the south- 
ern grounds. A partial cessation of fishing due to economic conditions in 1931 
interrupted the decline. Control of the intensity of fishing in subsequent years 
by the Commission has resulted in a remarkable improvement in the condition 
of the halibut stock. 

Regulation of the fishery is based upon a wide range of biological, statistical 
and oceanographic investigations and is guided by current biological and statis- 
tical observations of the changes in the condition of the stocks of halibut that 
occurred as a result of regulation. Noteworthy are the definition of the dif- 
ferent stocks of adult fish by means of marking experiments and racial studies; 
the determination of spawning banks that contribute to the different stocks by 
an investigation of the ocean currents and of the drift of the pelagic eggs and 
larvae; the annual evaluation of the production of eggs and larvae by means 
of net hauls at sea during the spawning season; a continuous sampling of the 
commercial catches to determine the size- and age-composition of the different 
stocks and the changes therein; and the collection and analysis of the records 
of individual fishing operations whereby the changes in the relative abundance 
of the fish on the banks are ascertained. 

The abundance of fish is now 77 per cent higher on the western grounds and 
100 per cent greater on the southern grounds than in 1930, the last year of un- 
restricted fishing. The number of mature fish on the badly depleted southern 
grounds and the production of eggs and larvae have increased steadily during 
the last few years, assuring a greater stock of fish for the future. Due to the 
improved condition of the stocks the fishermen are now obtaining annually the 
same amount of fish as in 1930 with the expenditure of only one-half to two- 
thirds as much effort. On the southern grounds they are actually obtaining 
several million more pounds of halibut annually in a short fishing season than 
would now have been possible during a long fishing season if fishing had con- 
tinued unrestricted. Thus both the stocks of fish and the fishermen have bene- 
fited by the efforts of the Commission. 


INTERNATIONAL Paciric SALMON (SOCKEYE) FISHERIES COMMISSION 


THE FRASER RIVER SALMON CONVENTION 


The Sockeye Salmon Fisheries Convention was signed in 1930, but ratifica- 
tions were not exchanged until July 28, 1937, after the agreement of certain 
understandings. The Convention applies to the territorial waters and high seas 
to the westward of Canada and the United States between 48° and 49° North 
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Latitude, the Straits of Juan de Fuca, the major part of the Straits of Georgia, 
and the Fraser River. The treatment of national sovereignty by this Conven- 
tion is interesting. Regulations enacted by the International Pacific Salmon 
Fisheries Commission which was created by the treaty, will be enforced within 
the territories of each nation solely by the government of that nation. On the 
high seas an offender may be seized by either nation but can be prosecuted only 
by his own. Removal of obstructions to migration may be recommended to the 
two governments, but action must be agreed upon in each case before any 
expense will be borne equally by the two. Land needed by the Commission may 
not be acquired by it, but each High Contracting Party shall “acquire and place 
at the disposition of the Commission any land within its territory required” 
for its purposes. 

The Convention was ratified subject to certain conditions or understandings. 
The first guards the right of the respective governments to authorize types of 
gear independently of the Commission. The second delays application of regu- 
lations for eight years. The third provides for an advisory committee from 
the salmon seine, gill and troli fishermen and the sportsmen. 

The Commission at first consisted of A. L. Hager, Wm. A. Found and Tom 
Reid for Canada, and of Edward W. Allen, Charles E. Jackson and B. M. 
Brennan for the United States. In February, 1939, Wm. A. Found resigned 
and was replaced by A. J. Whitmore. The powers of the Commission, as de- 
tailed by the treaty, include regulation, study of the natural history, the con- 
duct of fish-cultural operations, the care of the spawning grounds, and the 
recommending of the removal of obstructions to migration. 

The Commission met in 1937, organized, and elected Mr. Hager, Chairman, 
and Mr. Brennan, Secretary. The Commission established headquarters at New 
Westminster, B. C., and chose Dr. W. F. Thompson as Director of Investiga- 
tions. An Advisory Committee was chosen and a first meeting was held with 
it in Vancouver. 

The scientific program was well under way at the end of the 1938 season. 
A survey of the river and its runs of salmon saw the completion of the first 
year of a cycle of four. The collection and analysis of the great mass of 
existing material regarding the past runs of sockeye salmon in the Fraser River was 
in good part completed. Over 5,000 sockeye were tagged, with over 50 per 
cent returns. Large numbers of the tagged fish were from the spawning 
grounds, which was not true in previous salmon tagging experiments. The 
time and place of occurrence in the commercial catch of the races belonging to 
the various spawning grounds, their passage up the river and the time, manner 
and locality of their spawning were studied by means of the recovery data. 

An interesting method, new so far as salmon are concerned, was developed 
for the enumeration of the numbers escaping the commercial catch. The 
escapement that can be determined by direct observation and enumeration is 
far from accurate and the regulating officials have long known that numbers 
of fish going to a great many lakes and deeper streams escape observation. 
Because it is impractical to place weirs in many places in the tributaries, a 
method using samples of marked fish was tried experimentally, particularly at 
Cultus Lake, and was very successful. It is hoped to try the method on a 
larger scale this year. It is possible that by the use of the tagging method a 
passably accurate determination of the year by year escapement to each spawn- 
ing ground may be obtained. 

Several major problems have been encountered by the Commission. One of 
the most important of these is the identification of fish native to streams other 
than the Fraser River. Another is the foundation of an adequate system of 
collecting the statistics and other information needed for regulation. A third 
is that of the large lakes and streams tributary to the Fraser which are at 
present not frequented by sockeye salmon. An extensive study of obstructions 
will be required. Programs designed to afford information concerning these 
problems are well under way this year. 
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The collection of needed facts in a careful and thorough manner, a proce- 
dure now recognized everywhere as necessary to any adequate regulation, has 
been begun. The first year’s program, exploratory and preliminary, was not as 
complete as that of the second year will be, but it forms a worthy beginning 


on the eight years, or two life cycles of investigation contemplated when the 
treaty was ratified. 


NortTH AMERICAN COUNCIL ON FISHERY INVESTIGATIONS 


The North American Council on Fishery Investigations was organized in 1921 
because of international concern over the threatened depletion of several im- 
portant species that support the rich fishing grounds from the Grand Banks 
of Newfoundland to Cape Cod. The annual meetings of the Council serve to 
pool information gathered by scientists of the member nations as a basis for 
preventing further depletion and restoring valuable fish populations to safe 
levels of abundance. Each of the nations belonging to the Council carries on 
its own program of scientific studies, financed by governmental appropriations. 
The Council functions as an international advisory body that makes recom- 
mendations for maintaining the fisheries at productive levels. For example, a 
recent recommendation of the Council, based on studies of the Bureau of Fish- 
eries, resulted in a voluntary agreement by operators of United States otter 
trawlers to adopt gear with a larger mesh size to permit the escape of under- 
sized haddock. 


The present members of the Council are Canada, Newfoundland, France, and 
the United States. 

The twenty-fifth meeting of the Council was held at Boston, Massachusetts, 
October 4 to 7, 1938. At the same time the commercial fishery industries were 
holding their fishery exposition and convention in Boston. The Council in- 
vited the members of the Fishery Advisory Committee of the Department of 
Commerce and other leaders of the industry to attend a general session on 
October 5, at which time a general discussion of fishery problems in the North 
Atlantic areas was held and the program of fishery investigations by New- 
foundland, Canada, and the United States was presented. 

Nearly a score of fishery investigators in the various services were present 
who participated in sectional committee meetings dealing with ground-fish 
investigations, shore fish studies, hydrographic research, and fishery statistics 
giving the official members of the Council a summary review of progress made 
during the year in these fields and permitting them to modify their official 
programs accordingly. 

The meetings of the Council are particularly useful in affording an opportu- 
nity for the investigators of the several fishery departments to meet for a 
discussion of their technical problems and to exchange experiences and opin- 
ions regarding methods, objectives, and results. 


REPORT OF THE COMMITTEE ON COMMON AND SCIENTIFIC NAMES 
OF NORTH AMERICAN FISHES 


WALTER H. CHUTE 


The Committee on Common and Scientific Names of North American Fishes 
originally was appointed in 1933 as a result of a resolution proposed and 
adopted at the 1932 meeting of the Society. The Committee was formed “to 
prepare and submit for publication a list of standard common names of fishes 
corresponding to the accepted scientific names.” Pressure of other duties and 
absence on field trips prevented this committee from functioning up to the 
last meeting of the Society in 1938, except to agree on several points of general 
policy, as reported by the former chairman at the 1935 meeting. At the Ashe- 
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ville meeting last year this committee was reorganized, and at the present time 
the membership is as follows: William J. K. Harkness, Samuel F. Hildebrand, 
Carl L. Hubbs, A. H. Leim, George S. Myers, Leonard P. Schultz and Walter H. 
Chute, Chairman. 

A sincere effort was made by the nominating committee to appoint repre- 
sentatives from each geographical district. It has been pointed out, however, 
that the Pacific Coast has only one representative now actually engaged in 
fisheries work there and that the Gulf States lack representation. It may be 
well, in view of the duplication in common names between these areas and 
other parts of North America, to increase the membership of the committee to 
allow for such representation. 

Early during 1939 the chairman prepared three preliminary lists of names of 
familiar fishes, one for the Atlantic Coast, one for the Pacific Coast, and a third 
for fresh-water fishes. These preliminary lists contained a total of 439 names 
of fishes. Copies were sent to each member of the committee with requests for 
corrections, omissions and additions. In the first two lists returned seventy 
additional fishes were named. All of the members of the committee have not 
returned their lists, but if the same rate of increase persists the Committee 
will have well over 600 names to consider and fully 30 per cent of these are 
eontroversial. As this work must all be done by correspondence, and all of the 
members of this committee are very busy men, it will of necessity be some 
time before an acceptable list can be prepared. 

The chairman of this committee does not anticipate difficulty in securing the 
proper scientific names for the fishes selected for the final list. This committee 
is fortunate in numbering in its membership some of the foremost taxonomists 
of the day and the chairman is certain that any list of names agreed upon by 
these gentlemen will be acceptable to the Society at large. Unfortunately the 
selection of standard common names for these fishes is an entirely different 
matter. There is no governing body to issue rules or methods of procedure in 
such matters; many of the names in present use were applied without apparent 
reason and in utter disregard of the physical characteristics of the fishes or 
their relationship to similar species in other localities. 

It is not the desire of the chairman of this committee to engage the Society 
in a debate on such a controversial subject. It would be very helpful to this 
committee, however, if the desires of the membership of the Society were ex- 
pressed on such questions as, “Shall the standardized lists of names of fishes 
contain any duplicates, even though the fishes bearing the same names are 
located in widely separated areas?” and “Shall names be retained which, though 
widely used, were originally applied in error as to the family affiliations of the 
fish?” 

The chairman would like nothing better than to be able to submit a pre- 
liminary list at this meeting but for the reasons outlined above this has been 
impractical. However, a start has been made and it is sincerely hoped that at 
the next meeting at least a partial list can be prepared that will be acceptable 
to a majority of the members of the Society. 


REPORT OF THE PUBLICATIONS COMMITTEE 
JOHN VAN OOSTEN 


It has not been customary for the Chairman of the Publications Committee 
to submit a report to the Society. However, I believe that the time has come 
to speak rather pointedly concerning some of the problems that have con- 
fronted us in editing the Transactions. I wish it to be understood clearly, 
however, that the comments and criticisms in this report are not directed to 
fish-culturists, administrators, or others who have had no experience in writing 
scientific papers. These remarks are directed largely to the older, experienced 
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authors—people who should be able to write a good scientific paper. Many fish- 
eulturists, for example, have not had sufficient training to enable them to write 
a good scientific paper, and the members of the Publications Committee have 
been and will continue to be willing to do anything in their power to improve 
papers submitted by such fish-culturists. The same consideration will be shown 
the younger scientists who are presenting papers for the first time. 

For the last three years a determined effort has been made to improve the 
standards of our Transactions. Acting on the realization that a good volume 
must originate in well written manuscripts, I prepared an outline of instruc- 
tions to authors that not only set forth definite and specific directions as to 
the mechanical arrangement of manuscripts and as to the general style to be 
followed, but also called attention to the more common faults that were to be 
avoided. These instructions, which have been distributed to prospective authors 
and have been printed three times in the Transactions, were not drawn up 
arbitrarily but were condensed from the regulations contained in the best 
style manuals (Government Printing Office Style Manual; University of Chi- 
eago Style Manual). It should be explained also that certain of the regulations 
that may appear unnecessary to the authors are nevertheless essential parts of 
a procedure that ensures the proper handling of materials in the printing 
establishment. 

The early results of this campaign to better the quality of the Transactions 
were disappointing but not altogether surprising. However, an improvement 
in the manuscripts was justly expected from year to year. Consequently, when 
it became obvious that the manuscripts submitted in 1938 were scarcely, if at 
all, better prepared than those of three years earlier, the patience of the 
Committee was sorely tried. 

The attitude of the committee toward the unnecessary work that has been 
occasioned by the carelessness of authors in the preparation of manuscripts is 
summed up well by the following quotation from a letter written to me by a 


committee member, who had just completed the editing of a particularly diffi- 
eult paper: 


“, ... the preparation appears to have been made with total disregard, 
not only of the Society’s regulations in particular, but also of all generally 
accepted standards of good taste and sound procedure in writing scientific 
papers. As a typical illustration, there were one error and two rule viola- 
tions in connection with the footnote on the title page. Enclosed you will 
find two typewritten pages on which other infractions of rules, errors or 
violations of sound procedure are listed. 

“For fear my following remarks may be misunderstood, I wish to state 
most emphatically that I am in complete sympathy with the move toward 
the improvement of the publication standards for the Transactions. Fur- 
thermore, I am willing to devote such time as may be necessary for a care- 
ful editing of papers—provided the authors themselves exhibit a similar 
interest in the quality of their productions. Nevertheless, I feel that there 
is a limit beyond which the work of the editorial committee should not 
extend. 

“As specific examples—I do not believe that a committee member should 
have to get out a pencil and ruler and block off the column headings of 
tables, as I had to do in this paper. Neither should he have to check hori- 
zontal alignment, which in one table was so bad that printing errors very 
probably might have resulted. Nor should he have to check the terminology 
in the body of tables to insure that there is consistency between different 
portions of the same table. Furthermore, committee members should not 
be called upon to write titles and prepare title pages for figures, or to 
excise tables from the manuscript and paste them on new pages. I could 
continue this series of citations, but those given serve adequately as illus- 
trations. Such ‘kindergarten’ details should certainly be handled by any 
author. To load them on the shoulders of the editorial committee is not 
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only unjust, but is certain to reduce the efficiency of the committee’s work. 

“For two years now the editorial committee has practiced patience in 
excess, although the goal in mind has probably justified the great forbear- 
ance. I believe, however, that the time has now come for authors to write 
their own papers. I suggest that in the future those authors who care so 
little for the quality of their publications that they decline to prepare 
them properly or even to do a reasonably good job of reading copy should 
simply be requested to print their materials in other publications with 
lower editorial standards.” 


The continuation of our present method of editing the Transactions is un- 
thinkable. It is entirely too much to expect committee members to continue to 
devote their time and energy to the revision of papers that were prepared, as 
the committee member so pointedly stated, with total disregard for instructions 
and for good usage. As proof that [ do not exaggerate the difficulties that the 
Committee faces, let me cite the following statistics concerning papers pre- 
sented at our 1938 meeting: Thirty-six papers were received for publication; 
two were rejected and thirty-four were published. These thirty-four manu- 
scripts comprised 308 printed pages. Nineteen papers, or 61 per cent of the 3038 
printed pages, were returned to the authors for correction or revision. Seven 
papers, or 28 per cent of the printed pages, were returned twice. Considerable 
portions of twenty-five manuscripts, or 74 per cent of the total published, had 
to be rewritten by committee members. 


The careless preparation of manuscripts not only has placed undue burdens 
on the Publications Committee, but it has also brought about an unreasonable 
delay in the publication of the Transactions. There is no question but that 
easily avoidable defects in the manuscripts submitted last year have delayed 
the appearance of the volume by fully four months. Had we rejected all papers 
that could not be edited within a reasonable space of time, the Transactions of 
the 1938 meeting would have been little more than half the present size, but 
they would have appeared last winter. The immediate rejection of poorly writ- 
ten papers would also have spared the committee members the great amount of 
labor involved in handling a considerable mass of correspondence. 


Most authors are probably wholly unaware of the amount of time required 
for the careful editing of a single paper. The duty of the committee does not 
consist of a perfunctory leafing through the manuscripts. The total number of 
detailed examinations to which each paper is subjected, either as manuscript 
or as proof, is at least nine. If the papers have to be returned to the author 
for revision, this total number is increased. 


I wish to emphasize that the insistence of the Publications Committee on the 
submission of well prepared manuscripts is not mere fussiness. We have been 
working toward a very definite objective, namely, that the Transactions shall 
contain only papers which are logically arranged and written in good, clear 
English, and which contain only valid conclusions, based on sufficient and ade- 
quately presented data. I do not believe that the Publications Committee has 
been unduly meticulous or overexacting in its treatment of manuscripts sub- 
mitted to it. In fact, with a single exception, all authors have stated that our 
work has improved their papers, and have expressed appreciation of our edi- 
torial efforts. We, in turn, have appreciated their commendation. In the 
future, however, the Committee, I am sure, will prefer cooperation to approval. 


Circumstances appear to dictate a change of policy in the operations of the 
Publications Committee. As chairman, I therefore recommend that, beginning 
in 1939, that is, with the Transactions of this meeting, the work at the rewrite 
desk be ended. Manuscripts that are poorly written or arranged illogically, 
and manuscripts that contain persistent violations of the instructions to 
authors, should be returned immediately for revision. If satisfactory changes 
are not made, the papers should not be accepted for publication. I do not sug- 
gest that the Committee be unreasonable and stop short at the sight of a split 
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infinitive or a mixed metaphor. On the other hand, I do believe that the Com- 
mittee should refuse to continue its career of “ghost writing.” 

I wish to call attention to another problem—one that concerns the Society 
as a whole—namely, the increasing size of the Transactions. Unquestionably, 
we have reached the point where it is financially impossible to publish every 
paper that is submitted. This problem can be solved without detracting from 
the value of the Transactions by the imposition of further limitations on the 
number of papers to be accepted from any one member and by the publication 
of certain papers in the form of abstracts. 

At present we limit our members to two papers in each volume of the Trans- 
actions. I believe that in the future we should set the limit at one paper except 
in those situations when the President may request certain authorities to pre- 
pare articles on specially assigned topics, or when relatively few papers are 
submitted for publication. Members should be permitted to continue to present 
two papers at our meetings if they wish to do so, but publication of the com- 
plete text should be limited to a single paper. Only an abstract of the second 
should be included in the Transactions. 

Further retrenchments can be accomplished if the Publications Committee 
will discriminate between papers of purely transitory interest and those of 
permanent value to persons engaged in fisheries investigation and management. 
Articles that contain permanent contributions should be printed in their en- 
tirety, but the publication of many progress reports and outlines of local pro- 
grams may well be limited to abstracts. 

It falls entirely within the constitutional powers of the Publications Com- 
mittee to impose these limitations that were suggested as a means to halt the 
constant increase in the size of the Transactions. However, the enforcement 
of the limitations would constitute such a radical departure from earlier pro- 
cedure that I believe that the Committee should first seek the approval of the 
Society as a whole. I hope that the Society will recognize the necessity for 
restrictions on the quantity of material to be included in the Transactions and 
will enact a resolution supporting the Publications Committee in its efforts to 
keep costs of publication within the means of the organization. 

Finally, I feel that I should mention that our Transactions have, on occasion, 
been made to appear in a bad light by reason of the prior appearance of cer- 
tain papers in other publications. I suggest, therefore, that in the future, 
papers be accepted for publication only with the understanding that they are 
not to be submitted for publication elsewhere until the printed volume of the 
Transactions has first appeared, and with the further understanding that any 
subsequent publications of the same material shall be clearly designated as 
reprints from the Transactions. Neither should the Publications Committee 
accept materials that are to appear in other publications in only slightly modi- 
fied form. If we do not receive cooperation in this matter each volume of the 
Transactions should be copyrighted. As an alternative, the facilities of the 
Transactions should be denied to offending authors. 


THE PRESIDENT: The applause indicates acceptance by the membership of this 
frank and constructive criticism. Are there any suggestions from the floor? 


Mr. Gorpon: I have no suggestions to offer, except to say that, having certain 
responsibility in the matter of expenditures, it occurs to me that perhaps tho 
Chairman of the Committee is unduly apprehensive about the size of the volume. 
The size of the volume could not ordinarily go much beyond the volume of last 
year, of which I have only the final page proofs, without wrecking the finances of 
the Society. 


One thing we have to keep in mind is that in the last couple of years we have 
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been running on a two-day basis, with possibly evening sessions, whereas in former 
years it was not unusual to have a three-day session. Because of the special con- 
ferences on Wednesday, with the Bureau of Fisheries in the forenoon and the 
Biological Survey in the afternoon, it was necessary to confine our program to two 
days. Any program that can be handled within two days, provided we do not read 
too many papers by title only, should be within the financial scope of the Society’s 
means. I should not be so much concerned about reducing the size of the volume 
as with securing the right quality of material and keeping the interests of the 
practical or management workers—let us say, the fish-culturists and the adminis- 
trators—as well as the interest of scientific workers, so that we shall have one 
composite body of the entire membership instead of finally splitting ourselves up 
into two or three different factions. 

In his prefatory remarks Dr. Van Oosten very carefully stated that the eriti- 
cisms were not directed to the fish-culturists, not to the administrators so much as 
to those who are looked upon as scientific workers and who are careless in the 
preparation of their manuscripts. I have observed that as a rule fish-culturists 
ean tell their story in language which the average man can understand fairly well. 
He may not always use 100 per cent perfect English, but he gets his message 
across in a clearer way to the average person than does the average scientific 
worker who is preparing a paper. Therefore you cannot be too hard-boiled, as 
Dr. Van Oosten indicated, in editing certain types of papers; and the committee 
has carefully avoided tearing to pieces certain types of manuscripts. But I do 
know that the Publications Committee has had a tremendous task to perform; I 
have handled these manuscripts myself a few times and I know something about 
it. They have done an exceptionally good job in placing the Transactions on a 
higher plane, so that the annual volume will be recognized as a scientific publica- 
tion as well as a practical handbook. 


REPORTS OF SPECIAL COMMITTEES 


REPORT OF THE POLLUTION STUDY COMMITTEE 
TALBOTT DENMEAD, Secretary 


One of the assignments given to the Pollution Study Committee last year at the 
convention in Asheville was to follow up the question of federal control of pollu- 
tion. I am wondering if the members of the American Fisheries Society really 
have considered seriously what pollution means to them. I wonder if they have 
ever contemplated the fact that if there were no pure waters they would have no 
jobs. There would be no use for the Bureau of Fisheries, and it would be futile 
for the state fish-culturists to raise fish if there were no clean waters in which to 
put them. There would be no use in studying the diseases of fish if the fish are to 
be put into waters that are poisoned. In other words, to a great extent the jobs of 
a great many of you present here today and of members of our association gen- 
erally actually depend upon pure waters. 

Perhaps you consider that the question of pollution is not a serious one in 
your state or in your section, and perhaps you do not know of polluted condi- 
tions that exist. The pollution situation today in the United States is not 
much better, if any better, than it was when we met a year ago. 


The Society endorsed the Lonergan bill, Senate No. 13, and several years ago 
your committee was instructed to follow that up. I have examined our present 
program very carefully and I find only one paper on the question of pollution, 
nor do I see any papers on pollution on the program of the convention which 
follows ours, that of the International Association of Game, Fish and Conser- 
vation Commissioners. It seems to me that pollution is a subject in which we 
should all be vitally interested. 


There are at the present time six or seven bills on the question of pollution 
pending in Congress. The Barkley bill provides practically nothing but appro- 
priations for the next ten years to investigate pollution; it does not do a single, 
solitary thing to clean up, as I told you last year, even a bucket of pollution. 
The Mundt bill, filed by Congressman Mundt of South Dakota, of which I have 
a copy here, is practically the old Senate No. 13 filed by Senator Lonergan. It 
is the bill which this Society has endorsed on several occasions and which your 
committee has approved. I think the majority of the committee members is in 
favor of the Mundt bill. However, I am expressing here my own opinion and 
not the opinion of the committee or that of the Bureau of Fisheries. 


The principal parts of the Mundt bill are as follows: Administration of the 
provisions of the bill is placed under the Chief of Engineers of the United 
States Army instead of the Public Health Service. It provides that the 
Chief of the Bureau of Biological Survey, the Commissioner of Fisheries and 
the U. S. Public Health Service heads shall advise the engineer. It provides 
for complete cooperation with state agencies. It provides for interstate com- 
pacts, which have been used to a great extent for some time with fair success. 
It provides for studies and surveys, and for loans and grants. All the bills so 
far have provided for state and political subdivisions. Individuals may obtain 
loans for sewage treatment plants. The Mundt bill provides that when a duly 
constituted authority to enforce the provisions of the act is in existence, action 
by the federal authority will be taken only after such existing authorities have 
been given an opportunity to act. That is the difference between this bill and 
the others. It gives the federal government some police powers. It takes 
effect, if passed, two years from its passage, which provides an opportunity to 
clean up pollution. 


I have been told by those who are behind this measure that it is not the in- 
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tention immediately to “put the screws” on any polluter, but the idea is to use 
the legislation as an effective means of getting the polluters to control their 
pollution. 

I have a letter here from Congressman Mundt, dated June 15, from which I 
will read three paragraphs: 

*“Tt is beginning to look as though we are going to have a good fighting 
chance to have this bill, H. R. 6723, substituted for the Barkley bill when the 
matter comes before the House for consideration. 

**Tt is impossible to say just when this bill will reach us for debate on the 
floor, but I am inclined to think that it is likely to come before us some time 
in the neighborhood of about ten days. 

**T trust that you will be able to get a resolution from the American Fish- 
eries Society at its annual convention, and if you will send me such a resolu- 
tion I shall be glad to put it in the Congressional Record and make what use 
of it I ean to help the good cause along. We are going to need every bit of 
support we can get if we are to be successful in winning this fight.’’ 

I understand that it is the will of the committee that some resolution shall be 
framed, and it is my intention to take up the matter with the Resolutions Com- 
mittee. When the resolution comes before the meeting you will then have a chance 
to discuss it if you wish to do so. 

I do want to impress upon you, though, the importance of pollution. There is 
an old saying that ‘‘he is also idle who could be better employed.’’ I am afraid 
some of us fish-culturists and others interested in fish will not be employed at all 
if we do not clean up our waters. 


THE PRESIDENT: The Committee on American Fish Policy, by general agree- 
ment, has not prepared a report for this meeting. The Policy has been mimeo- 
graphed, as you know, and distribution made to the membership; it will also 
appear in Volume 68 of the Transactions. Some suggestions have been received 
by the Committee, but it was deemed advisable to let the whole matter mature for 
one additional year before the Committee attempted to recommend any changes in 
the Policy. 

The Pollution Committee and the American Fish Policy Committee are special 
committees which must be continued from year to year. I will entertain a motion 
for the continuance of these two committees. 


Mr. I. T. Quinn: The thought occurs to me that since we do not know just how 
soon the Mundt bill or the Barkley bill will come up for passage in the House, at 
which time Congressman Mundt expects to offer an amendment to substitute his 
bill for the Barkley bill, it would be apropos if a resolution could be prepared 
immediately and forwarded to Congressman Mundt in Washington, because twenty- 
four hours’ delay might prove fatal. I think it would be advantageous to Con- 
gressman Mundt if he had a good resolution from this Society, and if we delay 
another day the resolution might reach him too late for his use. I was just won- 
dering, therefore, if it would not be well for the Resolutions Committee to prepare 
a resolution at once so that it could be forwarded by air mail to Congressman 
Mundt during the day. ‘ 


THE PRESIDENT: If Mr. Quinn can prevail upon the Chairman of the Resolutions 
Committee to submit such a resolution this afternoon, it will be acted upon im- 
mediately and, if necessary, wired to Washington. 


Do I hear a motion to continue the two committees? 

Mr. F. A. WESTERMAN: I shall be glad to move that the two special committees 
be continued for at least another year. 

(The motion was seconded by Dr. Scott and carried unanimously.) 
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APPOINTMENT OF COMMITTEES 


Auditing Committee 

P. J. Hoffmaster, Chairman, Michigan. 
H. Langlois, Ohio. 
Joe R. Hogan, Arkansas. 

Resolutions Committee 
J. D. Chalk, Chairman, North Carolina. 
Alan C. Taft, California. 
L. R. Donaldson, Washington. 
H. H. MacKay, Ontario. 
W. H. Chute, Illinois. 


Nominations Committee 


Fred A. Westerman, Chairman, Michigan. 

I. T. Quinn, District of Columbia. 

G. C. Leach, District of Columbia. 

H. 8. Davis, District of Columbia. 

Sefior Juan Zinser, Republic of Mexico. 
Committee on Time and Place 

P. R. Needham, Chairman, California, 

Russell Hunter, Connecticut. 

B. O. Webster, Wisconsin. 

R. G. Parvin, Colorado. 

A. L. Pritchard, British Columbia. 


Committee on Publications 


Following the 69th Annual Meeting, President-Elect Langlois appointed Dr. 
ll. J. Deason, Ann Arbor, Mich., to the Committee on Publications for a term of 
five years, to succeed Prof. W. J. K. Harkness, Toronto, Canada, whose term had 
expired. Doctor Van Oosten was persuaded to accept the chairmanship of the 
Committee for another year, which now consists of the following: 

Term expires 
Dr. H. J. Deason, Ann Arbor, Mich. 
Dr. Ralph Hile, Ann Arbor, Mich. 
Dr. Lauren R. Donaldson, Seattle, Wash... 
Dr. Paul R. Needham, Palo Alto, Calif._ 
Dr. John Van Oosten, Chairman, Ann Arbor, Mich.. 


REPORTS OF COMMITTEES 


AUDITING COMMITTEE 


Mr. P. J. HorrMAsTerR: Your Auditing Committee has checked the books of the 
Society, also the supporting vouchers, for the period July 1, 1938, to June 15, 
1939, and finds the report as submitted to be correct. This Committee recommends 
that the appropriation for clerical and stenographie services for the fiscal year 
1939-40, exclusive of expenses incident to the preparation, proof reading and in- 
dexing ‘of the Transactions of this meeting, be the same as heretofore, namely 
$350.00. 

I move that the report of the Committee be approved. 

(The motion was seconded and earried unanimously.) 


1Indicates the annual meeting at which the term of each member of the Committee will 
expire. 
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COMMITTEE ON RESOLUTIONS 


Mr. J. D. CHALK: Your Committee recommends the following resolutions for 
adoption by the Society: 


1. Endorsement of Mundt Pollution Bill 
(Adopted previous day and submitted as part of report) 


WHEREAS, The problem of preventing the pollution of the waters of the United 
States is a serious one; and 

WHEREAS, It is believed, after careful consideration of the bills now pending 
in Congress regulating pollution in navigable waters, that the only one that will 
be effective in the reclamation of our polluted waters and the cessation of further 
pollution is H. R. 6723: 

The American Fisheries Society, therefore, at this sixty-ninth annual convention, 
held in San Francisco, California, this 26th day of June, 1939, hereby commends 
H. R. 6723, and respectfully urges its immediate passage. 

The Secretary is instructed to wire the substance of this resolution to Hon. 
Karl Mundt who introduced the measure at Washington, D. C., and to send copies 
to other interested organizations and individuals. 


(Upon motion, duly seconded, the resolution was voted upon and unanimously 
adopted.) 


2. North Pacific Fishery 


WHEREAS, Canada and the United States have set a splendid example of ¢o- 
operation for the preservation of fisheries in which the nationals of both coun- 
tries participate by the creation of the International Fisheries Commission and 
the International Pacific Salmon Fisheries Commission; and 

WHEREAS, The accomplishments of these Commissions as well as the preserva- 


tion of the fishery resources of the Pacific coast of Canada and the United States 
generally may be seriously imperiled by the invasion of these fisheries by vessels 
and citizens of other nations which have never until recently participated in these 
fisheries, and which have in no way contributed to their conservation or develop- 
ment: 

BE Ir RESOLVED, That Canada and the United States be urged to survey the 
entire north Pacifie fishery situation of America and to formulate a plan of pro- 
eedure which, without prejudicing the present privileges of the fishermen of 
either nation, will effectuate a sound conservation policy for all of these fisheries. 

Bre Ir FurTHER RESOLVED, That copies of this resolution be forwarded to the 
appropriate departments of both nations. 


(Upon motion, duly seconded, the resolution was voted upon and unanimously 
adopted.) 


"3. Tribute to Deceased Members 


WHEREAS, The American Fisheries Society has experienced the loss of four 
valued workers in the passing of Dr. George C. Embody, Dr. William C. Kendall, 
W. M. Keil and Earl E. Hoover; and 

WHEREAS, Three of these members have been actively associated with the work 
of this Society for many years and the fourth showed great promise of equal 
devotion and accomplishments in the cause of conservation: 

Be Ir RESOLVED, That the American Fisheries Society in Sixty-ninth Annual 
Conference held at San Francisco, California, this 27th day of June, 1939, deeply 
feels their loss and hereby expresses its sincere sympathy to their bereaved 
families; and 

Be Ir FuRTHER RESOLVED, That a copy of this resolution be forwarded by the 
Secretary to the respective families of our deceased friends and co-workers. 


(Upon motion, duly seconded, the resolution was adopted with a unanimous 
silent rising vote.) 
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4. Appreciation of Courtesies 


WHEREAS, The Sixty-ninth Annual Meeting of the American Fisheries Society 
has met in the city of San Francisco, California; and 

WHEREAS, The officials of the State of California and the people of the city of 
San Francisco have been most kind and cooperative: 

Be It RESOLVED, That we the American Fisheries Society express our appre- 
ciation to the Governor of California, to the Division of Fish and Game of Cali- 
fornia, and to the Honorable Herbert C. Davis, Executive Officer, and to Mr. A. E. 
Burghduff, of the Division of Fish and Game of California, and to the people of 
the city of San Francisco, for their courtesies and efficient management in con- 
nection with the Convention. 

(Upon motion, duly seconded, the resolution was unanimously adopted.) 


COMMITTEE ON TIME AND PLACE 


Mr. P. J. HorrMAsTER: A preliminary meeting was held and consideration was 
given at some length to the question of rotating the meeting versus a central 
meeting place; that of changing the date of meetings; and that of combining the 
meetings of the two organizations with those of other related bodies. We are pre- 
pared to report now as to the findings and conclusions of the Committee, but it 
was felt the matter should be discussed by the membership before the Committee 
submits a report and recommendation. 


THE PRESIDENT: I will ask Mr. Gordon to assume the Chair for the purposes of 
a preliminary discussion on time and place. 


Mr. Gorpon: I am going to review briefiy what took place at a meeting in 


Detroit on February 15. The executive committees of the two organizations (the 
International Association and the Society) met to discuss ways and means, time 
and place, and related matters. I shall sketch very briefly what happened there. 

A general discussion ensued concerning the wisdom of consolidating these 
annual conventions with meetings of other groups interested in conservation 
and related research, the desirability of holding said conventions during the 
late summer or the winter months, and the possibility of selecting a convenient 
central point or points for the meeting place. 

In view of the feeling that such a plan would save travel time and expense 
for all concerned, as well as increase the attendance and effectiveness of our 
conservation efforts, it was moved, seconded and agreed to that each of the 
groups below should be invited to designate two (preferably the president and 
secretary, or their alternates, or in the case of federal bureaus, the head thereof 
and one other) to meet at some convenient point prior to the June meeting to 
discuss matters at length in the hope of working out a plan for consideration 
at the special evening session scheduled at San Francisco: (1) American Fish- 
eries Society; (2) International Association of Game, Fish and Conservation 
Commissioners; (3) Izaak Walton League of America; (4) American Forestry 
Association; (5) National Wildlife Federation; (6) American Wildlife Institute 
(sponsor of North American Wildlife Conference); (7) U.S. Biological Survey; 
and (8) U. S. Bureau of Fisheries. 

I was directed to call that meeting. It was held in Washington, D. C., on 
June 3. 

The American Fisheries Society was represented by Dr. T. H. Langlois, First 
Vice-President, and William C. Adams, Vice-President of the Division of Pro- 
tection and Legislation; the International Association of Game, Fish and Con- 
servation Commissioners, by myself; Mr. J. D. Chalk, First Vice-President, 
failed to arrive because his plane was fogged down. The Izaak Walton League 
of America was represented by Lewis Radcliffe, one of the national directors; 
the American Forestry Association by its Executive Secretary; the American 
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Wildlife Institute by its Acting Secretary; the National Wildlife Federation by 
Carl Shoemaker, Secretary, and I. T. Quinn, Public Relations Director; the 
Bureau of Biological Survey by Dr. W. C. Henderson, Associate Chief; the 
Bureau of Fisheries by Glen C. Leach, representing the Acting Commissioner. 

The gist of the discussion was that there are certain organizations which 
might consolidate their meetings and still retain their individual identity; but 
when it was all summed up it seemed as though it was almost impossible to get 
away without at least two big national or international meetings, one in the 
winter or early spring, and the other in the late summer or early fall. It was 
decided that the best thing to do was to present all these views to the Time 
and Place Committee and others present here for their consideration so that 
the matter might be discussed further. 


One of the speakers made a very pertinent statement which I think ought to 
be mentioned. He pointed out that there is considerable difficulty in separating 
the International Association and the American Fisheries Society because the 
two are so closely interrelated. Another speaker pointed out that no joint 
gathering of a dozen or more groups can be held together successfully for more 
than three or four days of continuous meetings, and that it would be impossible 
for all the various groups to crowd their meetings into such a short time. Those 
of you who are acquainted with the work of the American Association for the 
Advancement of Science know that it is virtually a twenty-ring circus. 

There are members of both organizations who have been deploring the need 
for so many trips to various parts of the country, so frequently throughout the 
year. On the other hand there are others who like the idea of travelling about 
the country to see the conditions in different sections and to give members of 
the organizations in the regions where the meetings are held an opportunity to 
attend at least during the years when the meetings are in their own locality, 
and thus to retain their active interest. 

During the last two years our meetings have been held in June. This was 
done at the suggestion of Dr. Ira N. Gabrielson, in order that he might have a 
eonference with the state game administrators, especially with reference to the 
waterfowl regulations and the new federal aid program; and also in order that 
the Bureau of Fisheries might have a conference with fisheries workers. 

Dr. Gabrielson says that the waterfowl regulations seem to be going along 
quite satisfactorily, and that if the administrators are willing to try to work 
out this matter in some other way, either through regional conferences or per- 
haps by getting together late in the winter at such meetings as that of the 
North American Wildlife Conference, that might serve the purpose. But if we 
should again get into a tight situation with respect to waterfowl problems it 
might be necessary to get all the administrators together at some point. 

I think it would be well, unless some member has questions to ask about the 
preliminary discussions that have taken place, all of which have been whole- 
some, to ask the Chairman of the Joint Committee on Time and Place to tell 
us something about their discussions, and then after the members of the group 
have expressed their views the Time and Place Committee may be in a position 
to make a final report and recommendation. 


THE PRESIDENT: Will the Chairman of the joint committee please make the 
report? 


Mr. P. J. HorrMaster: Mr. President, the joint committee met yesterday after- 
noon for a couple of hours. You have already heard considerable discussion, so I 
will not attempt to review the arguments that were used in reaching our conclu- 
sions; I will present only the conclusions of the joint committee. 

First, it was the consensus of opinion that the meetings should be held at a 
date later in the season than we are now meeting, preferably the first half of 


September—in other words, sometime between the first and the fifteenth of 
September. 
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The question of meeting at the same place year after year also was discussed 
at length. Again, it was the consensus of opinion that we should continue rotating 
our meetings from one place to another. 

The committee does not feel that it should recommend a merging of the Society 
and the Association with other organizations. 

The committee would like to have these matters discussed before it has a final 
meeting to decide on some of the questions with which it is charged, and for that 
reason I am simply giving you these tentative findings. 


THE PRESIDENT: Is there any further discussion? 


Mr. SHAWHAN: Speaking for West Virginia, we would strongly advocate the 
holding down of the number of meetings. We would advocate a continuation of 
the rotation, and we would strongly endorse the suggestion that the meeting be 
held sometime during the month of September. It has certainly been made 
clear and emphasized to all the state administrators that time and money will 
permit only a certain amount of travel. If the continued attendance of state 
administrators is desired at these conventions, the number must be held down. 
Substantially West Virginia endorses the findings of the joint committee and 
advocates their adoption. 


Dr. LANGLOIS: The report éf Mr. Hoffmaster certainly is in accord with my 
personal sentiments, as it is with the sentiments expressed by the membership of 
the American Fisheries Society in response to a questionnaire that was sent out a 
year ago. There is one point that I think needs to be discussed. This meeting 
that has been called by the head of the Biological Survey of all the commissioners 
has been called in June, and the commissioners have held their meeting at that 
time of the year in response to that request. This is a successful meeting, but the 
one at Mexico City was not so successful; certainly there was no increase in the 
membership as a result of that meeting. I believe the holding of meetings at such 
remote places, so far as the American Fisheries Society is concerned, works a 
definite hardship on the fish-eculturists in particular and on the membership in 
general, because while the commissioners can vote their own expenses to attend a 
meeting at such a distance, the fish-culturists cannot do so. The entire Time and 
Place Committee of the American Fisheries Society at the Mexico City meeting 
consisted of commissioners, which put us entirely at a disadvantage. 

I think we ought by all means to hold our meetings in conjunction -with the In- 
ternational Association of Game, Fish and Conservation Commissioners; we need 
to have administrators present; we need to ‘‘sell our stuff’’ to them. But with 
the interests of the Society at heart I believe we ought to make a ruling that our 
Time and Place Committee should consist entirely of members who are not ad- 
ministrators. It seéms to me to be the only way of avoiding the difficulties we 
have run into. I do not know just how that could be brought to pass. In any 
ease, I offer the suggestion as a point for discussion. 


Mr. Gorpon: You mean that the Time and Place Committee of the American 
Fisheries Society should consist of fisheries workers, while the Time and Place 
Committee of the International Association ought to be administrators? 


Dr. LANGLOIS: That is right. 


Mr. Herbert C. Davis: I do not really believe that this matter requires any 
further discussion. I think we are all in complete agreement on the only two 
questions that are of importance, that is, whether the American Fisheries Society 
and the International Association shall continue to meet jointly, and whether they 
will return to their former practice of meeting in the early fall. I have not heard 
any dissension on these points. 

I think it is well that those who perhaps have missed the last two meetings, as 
Dr. Langlois has pointed out, should understand definitely why the dates of meet- 


ing were changed, and I am going to mention it because I want you to keep it iu 
mind in the future. 
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When it appeared to be necessary that the administrators meet with the rep- 
resentatives of the federal government, it became apparent that that would be 
the death knell of the International Association, because there would be no 
object at all in the same group of people meeting twice in the same year. The 
American Fisheries Society was courteous enough to go along with us to get the 
dates moved up to the month of June, for a period not to exceed two years. 
During this period I think we have convinced the federal government that if 
they want to meet the administrators of fish and game, they can come to where 
we meet. With all the experience the Biological Survey has had, they cer- 
tainly can solve their problems in September with us as well as they can in 
June. The only question is, how many ducks? They have to count them in 
order to fix the bag limit, and that is the only thing they cannot fix in Sep- 
tember. Let these two organizations meet in September, without considering 
any other organizations. Resist to the end any effort on the part of any federal 
agency to call any conference of administrators except at the time and place 
set by the American Fisheries Society and the International Association. 

I think originally, as I have looked over some of the old memberships, they 
were drawn largely from our scientific institutions. But as conservation has 
grown your membership has come to include more and more men on our state 
payrolls, and if the interest of the administrators, of the states themselves, and 
of those public agencies which are going to have to pay the bill to get these 
fellows around, declines or is destroyed, or the organization is submerged in 
the interests of federal agencies, then the state will suffer. That is why I am 
happy to have found in the Time and Place Committee meeting yesterday an 


absolutely unanimous view that the two organizations should sit together and 
meet in the fall. 


Mr. HorrMAstTeEr: Mr. President, I should like to move, first, that the meetings 
in the future be held in the fall during the month of September, and second, that 
we continue to rotate these meetings among the provinces of Canada, the states of 
the United States, and the Republic of Mexico. 


Dr. PRITCHARD: As one of the few Canadian representatives present, it gives me 
much pleasure to second that motion. 


THE PRESIDENT: The subject is open for discussion. 


Mr. Gorpon: May I have just one word on this question of meeting in the 
month of September? You must be careful not to meet too late in September, 
because a great many of the members of the Society bring their families with 
them, and later in September the schools and colleges are open. Fisheries workers 
who are connected with educational institutions can attend during the first two 
weeks of September, but after that they are tied up with their college or university 


work. I would much rather see the date definitely limited to the first half of 
September if possible. 


Mr. HorrMAstTeErR: I have no objection to an amendment to that effect. 
THE PRESIDENT: Will you so amend your motion, Mr. Hoffmaster? 
Mr. HorrMaster: Yes, I will amend it to read, the first half of September. 


THE PRESIDENT: Does the person who seconded the motion accept the amend- 
ment? 


Dr. PRITCHARD: Yes. 
(The motion was voted upon and carried.) 


THE PRESIDENT: Do I hear a motion to continue the Time and Place Commit- 
tee to confer with the committee of the International Association, with the under- 
standing that the report of that joint committee shall be binding upon the Society, 
having in mind the motion which has just been passed? 
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Mr. HERBERT C. Davis: I so move. 


Mr. Bove: I will second that. 
(The motion was voted upon and earried.) 


(Eprror’s Nore: At the concluding session of the convention of the Interna- 
tional Association of Game, Fish and Conservation Commissioners on June 30, the 
joint Time and Place Committee’s recommendation that the next meeting be held 
at Toronto, Canada, the International Association to hold its convention Septem- 
ber 2 and 3, the conference of the U. S. Biological Survey with the state game 
administrators during the forenoon of September 4, and the conference of the 
U. S. Bureau of Fisheries with the state fish administrators during the afternoon 
of September 4, and the annual meeting of the American Fisheries Society Sep- 
tember 5 and 6, was unanimously adopted.) 


AMENDMENT TO BY-LAWS 


Dr. LANGLOIS: In Article II of the Constitution and By-Laws there is a para- 
graph dealing with honorary and corresponding members. As it now stands it 
reads that the President of the United States, the Governors of the several states, 
the Secretary of Commerce of the United States, the Governor-General of Canada, 
the Lieutenant-Governors of the several Canadian provinces, and the Dominion 
Minister in charge of game and fisheries, shall be honorary members of this 
Society while occupying their respective official positions. 


THE PRESIDENT: What about the President of Mexico? 


Dr. LANGLOIS: He is not included. In view of the fact that the U. S. Bureau of 
Fisheries is about to be transferred to the Department of the Interior, I move 
that the words ‘‘Secretary of Commerce’’ be struck out and the words ‘‘ Secretary 
of the Interior’’ substituted in lieu thereof. 


Mr. Gorpon: I will second the motion. 


Mr. Hersert C. Davis: I would move an amendment that the President of 
Mexico’ be included. 


THE PRESIDENT: There is an amendment offered that the President of Mexico 
be included. Is there a second to the amendment? 

Mr. CHALK: I will second the amendment. 

(The amendment was voted upon and carried.) 


THE PRESENT: The amendment includes the President of Mexico in the orig- 


inal motion, which we are now ready to deal with. Is there any further discussion 
or amendment? 


(The motion as amended was'voted upon and carried.) 


COMMITTEE ON NOMINATIONS 


Mr. FRED WESTERMAN: Your Committee on Nominations submits the names of 
the following members to serve as your officers for the ensuing year and recom- 
mends their election: 

Officers 
President, T. H. Langlois, Put-In-Bay, Ohio. 
First Vice-President, James Brown, Frankfort, Kentucky. 
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Second Vice-President, John Van Oosten, Ann Arbor, Michigan. 
Secretary-Treasurer, Seth Gordon, Harrisburg, Pennsylvania. 
Librarian, Kenneth E. Cobb, Windsor Locks, Connecticut. 


Vice-Presidents of Divisions 


Fish Culture, M. C. James, Washington, D. C. Z 

Aquatic Biology and Physics, A. R. Cahn, Norris, Tennessee. 
Commercial Fishing, Herbert C. Davis, San Francisco, California. 
Protection and Legislation, I. T. Quinn, Washington, D. C. 
Angling, David H. Madsen, Salt Lake City, Utah. 


Committee on Foreign Relations 


A. G. Huntsman, Chairman, Toronto, Ontario. 
Charles E. Jackson, Washington, D. C. 
Sefior Juan Zinser, Mexico City, Mexico. 
William J. Tucker, Austin, Texas. 

William C. Adams, Albany, New York. 

B. O. Webster, Madison, Wisconsin. 

B. M. Brennan, Seattle, Washington. 


Your Nominations Committee gave considerable thought to the desirability 
of complying with the suggestion of the motion made yesterday afternoon to 
increase the membership of the Committee on Common and Scientific Names of 
Fishes to eight in order to give the membership a little better geographical dis- 
tribution. However, upon referring to the by-laws of the Society, we find that 
the membership of that committee is limited to seven. We, therefore, consid- 
ered some reorganization of the committee and wish to present the following 
list of names, two of which are new: 


Committee on Common and Scientific Names of Fishes 


Walter H. Chute, Chairman, Chicago, Illinois. 

W. A. Clemens, Nanaimo, B. C., Canada. 

James Nelson Gowanloch, New Orleans, Louisiana. 
Samuel F. Hildebrand, Washington, D. C. 

Carl L. Hubbs, Ann Arbor, Michigan. 

George S. Myers, Stanford University, California. 
Leonard P. Schultz, Washington, D. C. 


I would like to move, Mr. President, the election of these officers and standing 
committees for the ensuing year. 


THE PRESIDENT: You have heard the report of the Nominating Committee and 
the motion for its adoption. Are there any further nominations? There being 
no further nominations, is there a second to the motion? 


Mr. ALDRICH: I will second it. 


THE PRESIDENT: It has been moved and seconded that the recommendations of 
the committee be accepted and their nominees be elected by the Society. 


(The motion was voted upon and carried.) 


THE RETIRING PRESIDENT: I will ask Mr. Donaldson and Mr. Wales to escort 
the newly elected President to the Chair. 


( The President-Elect was conducted to the rostrum.) 


THE RETIRING PRESIDENT: Dr. Langlois, I want to congratulate you on the 
honor which has been bestowed upon you. I commend the Society upon its selec- 
tion. I am sure the Society is in the very best of hands in the selection which has 
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been made of the officers for the ensuing year. I thank the committees who have 
served so faithfully and the members who have made this meeting a success. 


(The President-Elect took the Chair.) 


THE PRESIDENT-ELECT: Thank you, Mr. Foster. I do not know that any speech 
is called for. I simply want to say that I have endeavored to further the inter- 
ests of the American Fisheries Society for the last fifteen years, and shall con- 
tinue to do so. 


Is there any further business before we adjourn? 


Mr. WESTERMAN: I think this body should extend a vote of thanks to the re- 
tiring President who has so faithfully served us during the past year and in the 
meeting which is about to be concluded. I move, sir, that we tender a rising vote 
of thanks to the retiring President, Mr. Fred J. Foster, of Washington. 


Mr. WALES: I will second the motion. 
(The motion was carried by rising vote, with applause.) 


THE PRESIDENT-ELEcT: I will entertain a motion to adjourn. 


Mr. HorrMAsTErR: I move that we adjourn. 
(The motion was seconded and agreed to, and the meeting adjourned.) 


American Fisheries Society 


Iu Memoriam 


Dr. George C. Embody, Ithaca, New York 


Earl E. Hoover, Concord, New Hampshire 


W. M. Keil, Asheville, North Carolina 


Dr. William C. Kendall, Freeport, Maine 


PART Il 
PAPERS AND DISCUSSIONS 


TAGGING EXPERIMENTS WITH LAKE TROUT, WHITEFISH, 
AND OTHER SPECIES OF FISH FROM LAKE MICHIGAN! 


Ouiver H. SmitH 
Smith Brothers, Port Washington, Wisconsin 
AND 
JOHN VAN OOSTEN 
U. S. Bureau of Fisheries, Ann Arbor, Michigan 


ABSTRACT 


A total of 2,902 Lake Michigan fish was tagged and released, 48.8 per cent 
of which were lake trout and 85 per cent lake trout, lake herring, and white- 
fish. A total of 388 fish or 13.4 per cent was recaptured. The percentages 
of returns indicated a tremendous fishing intensity for lake trout, whitefish, 
and sturgeon. About 81 per cent of the recaptured fish were retaken within a 
radius of 25 miles from the port of tagging (Port Washington, Wisconsin). 
Lake trout, rainbow trout, and sturgeon were found to be extensive travelers; 
lake herring, whitefish, chubs, pilots, and perhaps perch did not migrate so 
extensively. Lake trout, herring, and whitefish tended to move in a northerly 
direction, perch in a southerly, and rainbow trout in an easterly, toward the 
Michigan shore. Sturgeon apparently roam all over the lake. Fifty-three 
per cent of the recovered lake trout were recaptured within one year of release, 
73 per cent within 25 miles from Port Washington. It required three years for 
the trout to become fairly well scattered throughout the lake. With the attain- 
ment of adulthood lake trout moved in all directions from the port of release, 
although nearly 50 per cent of the adults were retaken within 25 miles from 
this port. Fish moved across state boundaries. Data are given on the growth 
and estimated age of the tagged lake trout, rainbow trout, whitefish, and stur- 
geon. The minimum size limits of lake trout and whitefish on the Great Lakes 
are economically unsound—they are too low—because they permit the capture 
of these species at a time of most rapid increase in weight. 


INTRODUCTION 


The first record of an attempt to tag fish on the Great Lakes was 
reported by Milner (1874) who wrote, ‘‘In order to obtain a definite 
knowledge of their habits in this particular, metal tags, with numbers 
indicating the locality, were distributed to fishermen at twenty points 
along the lake [Lake Michigan], to be fastened to the fins of live fish, 
which were then to be released .... It is thought that but few of them 


1Published with the permission of the Commissioner of Fisheries. This paper 
is written in commemoration of the late Mr. Lester Smith (brother of the senior 
author), Port Washington, Wisconsin, who inaugurated and directed the tagging 
experiments on Lake Michigan and who devoted much of his time and energy 
to the completion of these experiments. Mr. Smith, who was one of the most 
progressive, broad-minded, and far-sighted commercial fishermen on the Great 
Lakes, had an intense interest in all scientific work pertaining to the fisheries. 
The entire cost of the experiments was borne by his firm, the Smith Brothers. 
The outlay of large sums of money for tagging operations and the release of 
many marketable fish during these operations reveal the progressive spirit and 
self-sacrifice of the Smith brothers—a sacrifice unparalleled among the fisher- 
men on the Great Lakes.—J. V. O 
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were used. -A similar proceeding was afterward carried out by Mr. 
George Clark, of Ecorse, on the Detroit River, but none of the fish 
were ever heard from.”’ 

Cole (1905) tagged and liberated about one hundred carp in the 
vicinity of Port Clinton and Sandusky on Lake Erie, but none of 
these fish was ever heard from again. ‘‘A small copper tag bearing a 
number was attached, usually to the strong spine of the dorsal fin, by 
a piece of copper wire, though in a few cases the wire was passed 
through the basal lobe of one of the pectoral fins.’’ 

The Game and Fisheries Department of Ontario (1930) reported 
the tagging of 635 fish on Lake Erie, including steelhead trout, white- 
fish, herring, white bass, yellow pickerel, blue pickerel, and small- 
mouth black bass. A few returns have been made, but no report on 
the results has been published. 

Snyder (1932) tagged 150 smallmouth black bass on Lake On- 
tario in July, 1931, and reported the recapture of twelve in 1931 and 
seven in 1932. None of the nineteen bass was retaken more than 3 
miles from the point of release. In July, 1932, 350 smallmouth bass 
were tagged and released, of which twenty-two were recaptured. Five 
of the recaptured fish were taken from 5 to 9 miles from the point 
of release, one was taken at a distance greater than 9 miles, and the 
remaining sixteen were recovered at a distance less than 5 miles. 

At the insistence of the junior author (Van Oosten), Lester Smith 
(1933) made a preliminary report on his tagging experiment with 
the Lake Michigan fish. He outlined briefly the development of his 
work—its objectives and methods—and presented some of the more 
interesting individual records of migration. No attempt was made 
to summarize the data in tabular form and to analyze and correlate 
the various results derived from them. 

An interesting news item in The Fisherman of July, 1933, reported 
the identification of a 75-pound, branded sturgeon captured in the 
spring of 1933 at the dam at Newaygo, Michigan. The number ‘‘41’’ 
was branded on the fish’s side. It was learned that this individual 
had been marked about twenty-eight years previously at Anchor Bay 
in Lake St. Clair when it weighed 41 pounds. This sturgeon had 
added 34 pounds to its weight in twenty-eight years, and had migrated 
from Lake St. Clair to Newaygo via Muskegon on Lake Michigan. 

During the fall of 1935, 650 lake trout were tagged and liberated in 
Green Bay by the Wisconsin Conservation Department, and approxi- 
mately 150 were tagged in Lake Michigan (Schneberger, 1936). Thir- 
teen trout, all tagged in Green Bay, were recaptured, all but one 
(taken at Algoma, Wisconsin) being retaken in Green Bay waters. 
Four of the returns came from Michigan fishermen. 

Shetter (1938a) brought up to date the record of recaptures of rain- 
bow or steelhead trout tagged in Michigan streams (Little Manistee 
and Big Manistee) and by Smith Brothers at Port Washington, Wis- 
consin. Thirteen returns were made from Lake Michigan. 
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On November 7, 1938, the Michigan Institute for Fisheries Research 
tagged twenty-eight lake trout about 34 mile WNW by W of Seven- 
Mile Point in Lake Michigan (Shetter, 1938b). Two of these tagged 
fish were recovered a year later in November, 1939, about 5 miles north 
of the place of tagging. 

METHODS 


Since Smith (1933) has already described in detail the history, ob- 
jectives, and methods of the tagging operations reported in the pres- 
ent paper, it is only necessary to repeat here sufficient details for a 
proper understanding of the work. Systematic tagging was begun on 
June 20, 1929, and continued until August 4, 1931, during which 
period 2,902 (including second releases) Lake Michigan fish were 
tagged, most of which were undersized lake trout (Cristivomer n. 
namaycush) and whitefish (Coregonus clupeaformis). Virtually all 
of the tagging was done during the summer months (June 20 to Sep- 
tember 23, 1929; June 2 to August 25, 1930; June 5 to August 4, 
1931). Occasional specimens were marked at other times of the year. 
All of the tagged fish were caught in pound nets operated by Smith 
Brothers at Port Washington, Wisconsin.” Three sizes of the metal 
strap tags (U-shaped) were used. The largest size (No. 1), made of 
aluminum, was about 1 inch long and was employed for sturgeon 
(Acipenser fulvescens) and large trout. The medium-sized tag (No. 
2), 34 inch long, was made of non-corrosive metal and was used for 
the medium-sized fish, whereas the small-sized tag (No. 3), about % 
inch long, also made of non-corrosive metal, was used for tagging all 
undersized trout and whitefish, herring (Leucichthys artedi), chubs 
(Leucichthys spp.), perch (Perca flavescens) and the other small varie- 
ties of fish. All tags were stamped with the name, S. Bros., and a num- 
ber. During the first year of the experiments all tags were attached 
to the caudal fin; thereafter they were clamped onto the gill cover. 
No reward was offered for the return of the tags. 


PERCENTAGE OF RECAPTURES AND LENGTH AT TAGGING 


Table 1 shows the number of fish tagged by Smith Brothers at Port 
Washington, Wisconsin, in each year and in all years combined, and 
the number and percentage of recaptures.* A total of 2,902 fish was 
tagged, of which 388 or 13.4 per cent were recaptured. The totals 
for tagged fish include the number of individuals that were recap- 
tured and released a second time. Similarly, the totals for recaptured 
fish inelude the number of individuals that were recovered twice 
(whitefish 3, lake trout 2, sturgeon 1). The average percentage of 

“In addition to the fish tagged by Smith Brothers, 99 were marked by DeWitt 
Brothers at Ouostburg, Wisconsin, during July 21 to August 24, 1931, and 150 
(mostly adult lake trout) were tagged by Clifford Wenniger, at Bailey’s Harbor, 
Wisconsin, on October 16, 1934, during the closed season. Only one (tagged at 


Bailey’s Harbor) of these fish was recaptured. It was a trout taken in a pound 


net at Escanaba, Michigan, on May 25, 1935, at a length of 19 inches and a weight 
of 2 pounds dressed. 


8’We are indebted to Dr. Ralph Hile for assistance in the compilation of the 
lables and to Dr. H. J. Deason for the preparation of the map. . 
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recoveries was the smallest (7.2) for the 1929 specimens. This low 
percentage may have been due in part to the fact that the tags were 
attached to the caudal fin of these fish instead of to the operculum. 
Then, too, the tagging technique improved with experience and the 
experiment may not have been as well advertised in 1929 as in later 
years, so that proportionately fewer tags were returned by the fisher- 
men at the beginning of the experiment. Lake trout comprised 48.8 
per cent of the fish tagged and lake trout, lake herring, and whitefish 
composed 85.0 per cent of the total. The percentage of returns varied 
from 5.4 for the lake herring to 75.0 for the sturgeon. A surprisingly 
high percentage of returns (22.1) was obtained for the whitefish, 
which percentage exceeded that of the lake trout (15.4). 

The percentages of returns for the lake trout, whitefish, and stur- 
geon suggest a tremendous fishing intensity in Lake Michigan. Ex- 
periments by Snyder (1932), Markus (1933), and Shetter (1936) 
showed that 40 to 50 per cent of the fish lose their tags within a period 
of one month to one year. Since 52 per cent of the tagged Lake 
Michigan fish were recaptured after one month and 30 per cent after 
one year, it may be conservatively estimated that in general at least 
50 per cent of the fish had lost their tags. Consequently, in a deter- 
mination of fishing intensity it must be assumed that the original 
population is represented by one-half of the number of fish tagged. 
On this basis, computations show that at least 31 per cent of the lake 
trout that had reached an average length of 12.8 inches (Table 2) 
and 44 per cent of the whitefish that had attained an average length 
of 11.8 inches were subsequently taken by the commercial fishermen. 
A total of five sturgeon (see footnote 4, page 71, for the record of 
the sturgeon not included in Table 1) was tagged and four of them (80 
per cent) were retaken. These minimum percentages of recovery in- 
dicate that the grounds occupied by the fish are very well covered by 
the fishermen. The percentages take on added significance when it is 
remembered that factors other than the loss of tags enter into the com- 
putations. Such factors include the failure of the fishermen to report 
all recaptured fish, the mortality due to the tagging or to natural 
causes, and possibly the incompleteness of the experiment since it is 
probable that additional returns will come in, for it is known that 
many lake trout more than 6 pounds in weight occur in the lake and 
yet only three of such size have been recaptured up to the present 
time. The data show that more than 31 per cent of the lake trout and 
more than 44 per cent of the whitefish of the sizes tagged later entered 
the commercial nets. About 28 per cent of these recaptured trout 
were of legal size at the time of the experiments (12 inches), but only 
about 14 per cent of the whitefish were of such size (13 inches). 

The average total length and range in length in inches of the fish 
at tagging are given in Table 2. Most of the individuals were voung 
fish. A compilation of the average lengths and ranges in lengths at 
tagging of the recaptured fish indicated no important differences in 
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lengths from those shown in the table. It appears, then, that the 


smaller individuals of a species retained their tags as well as did the 
larger ones. 


DISTANCES TRAVELLED, PERIODS OF FREEDOM, AND DIRECTION OF 
MIGRATION 


The number and percentage of tagged fish recaptured at various 
distanees are presented in Table 3. It may be seen that 51.3 per cent 
of the recovered fish were taken 10 miles or less from Port Washington, 
Wisconsin, and 81.2 per cent were taken within a radius of 25 miles 
from this port. No exact location was given for many of the fish taken 
outside of the 25-mile zone. These fish were credited to the port 
where the fisherman who made the returns operated and as a rule to 
the zone in which the port is located. It is not always possible, there- 
fore, to state specifically the minimum distance travelled by a fish, 
and hence the distances are recorded by zones. The data of Table 3 
suggest that, in contrast to the lake trout, rainbow trout (Salmo 
gairdnerii irideus), and sturgeon, the lake herring, whitefish, chubs, 
pilots (Prosopium quadrilaterale), and perhaps perch were not exten- 
sive travelers, nearly all of them having been retaken within 25 miles 
from the point of release. Even the majority of the lake trout (73 
per cent) and rainbow trout (56 per cent) was recaptured within this 
distance. All of the fish were retaken in Lake Michigan or its tribu- 
taries. 
~ There is no doubt some relationship between distance travelled and 
the period of freedom of the fish. Table 4 has been constructed to 
show the number and percentage of tagged fish recaptured after dif- 
ferent periods of time. In Table 5 are given the greatest distances 
travelled by the various species, measured in as nearly a straight line 
as possible from Port Washington to the locality of recapture, and the 
time between tagging and recapture. Table 4 shows that about 33 per 
cent of all species were retaken within ten days after tagging, 48 per 
cent within thirty days, and 57 per cent within sixty days. Virtually 
all of the chubs and pilots were recovered within twenty days after 
release and nearly all of the perch and lake herring within sixty days. 
It is possible, therefore, that these short periods of freedom may ac- 
count for the short distances travelled by the recaptured individuals 
of these species. . Table 3 shows that the chubs and pilots were re- 
covered within 10 miles, and nearly all the perch and herring within 
25 miles from Port Washington, although the lake trout retaken after 
corresponding periods of freedom had travelled greater distances 
(1-25 and 1-50 miles; Table 6). One pilot that had been out nearly 
eight months was recaptured within a radius of 10 miles from Port 
Washington. 

All of the herring were recaptured to the north of Port Washing- 
ton, one individual having been retaken at Two Rivers, Wisconsin, 
about 55 miles distant, one month and two days after release (Table 
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TABLE 5. GREATEST DISTANCES TRAVELLED BY THE VARIOUS SPE- 
CIES, MEASURED AS NEARLY AS POSSIBLE IN A STRAIGHT LINE FROM 
PORT WASHINGTON, WISCONSIN, TO THE LOCALITY OF RECAPTURE 


Average 
Minimum Time between taggingnampber of 
distance and recapture miles per 

Species Locality of recapture inmiles Year Month Days day out 


Lawyer Sheboygan, Wis. 
Perch Sheboygan, Wis. 
Porch ........... 
Herring -........Two Rivers, Wis.........-. 
Whitefish 


= 
to 


DO 


Rainbow trout Manistee River, Mich. _. 
Rainbow trout.Manistee River, Mich. 
Sturgeon Michigan City, Ind. 
Sturgeon? Payette, Mich. 
Lake Isl., Wis. 
Lake trout Washington Isl., 
Lake trout Seul Choix, Mich.___...__.... 
Lake trout St. Ignace, Mich. 


SCOR Or OC! 


1Tagged at Oostburg, Wisconsin, by DeWitt Bros. 


d). Three of the nine recaptured perch travelled south to Milwaukee 
and Kenosha, Wisconsin, the Kenosha individual having travelled at 
least 57 miles during the nine months of freedom (Table 5), while 
five individuals were caught at Port Washington and one to the north 
at Sheboygan, Wisconsin, about 27 miles distant (Table 5). All of 


the chubs and pilots were retaken at Port Washington. The one law- 
ver (Lota maculosa) was recovered at Sheboygan (Table 5), and the 
carp (Cyprinus carpio) at Cedar Grove, about 15 miles north of Port 
Washington. Four of the nine recaptured rainbow trout were taken 
in Michigan [Grand Haven, Muskegon, Manistee River (2)], four at 
Port Washington, and one to the north at Oostburg. The sturgeon 
that had been out about three years and five months was caught at 
Michigan City, Indiana, approximately 117 miles from the point of 
release. The other sturgeon, tagged at Oostburg, Wisconsin, was re- 
taken at Sheboygan, released and again taken at Fayette, Michigan, 
about 154 miles from the place of tagging (Table 5).* 

Fifty-nine per cent of the tagged whitefish were retaken within 
thirty days after release and 74 per cent within sixty days (Table 4). 
Most of the recaptured whitefish, therefore, did not have time to travel 
very far. However, even those individuals that did have sufficient 
time did not move great distances, which fact indicates that the white- 
fish is not an extensive traveler. Two of the seven individuals that 
had been out from one to two years were taken at Oostburg, 19 miles 
north of Port Washington ; the remaining five were recaptured at Port 
Washington. However, none of the recaptured whitefish that had 
been out more than two years was caught at Port Washington, but all 


4For the sake of completeness it may be recorded here that Smith (1933) re- 
ported the recapture of a sturgeon at Indiana Harbor, Indiana, one year after its 
release at Port Washington. This fish was marked about 1927 with a numbered 
silver tag made by a local jeweler. 


| 
Whitefish _....'Two Rivers, Wis.__...- 
Rainbow trout.Grand Haven, Mich. - 
112 
120 
117 
154 
139 
139 
195 
225 
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were taken to the north at Cedar Grove (2), Oostburg (2), and Two 
Rivers (1) at distances that varied from 15 to 55 miles (Table 5). All 
but four of the 101 recaptured whitefish were taken within 25 miles 
from Port Washington (Table 3). 

There appeared to be no correlation between distances travelled by 
the whitefish and time out. For example, the individual that covered 
the greatest distance (72 miles to Waukegan, Illinois) had been free 
for about one vear, whereas the fish that had been out the longest 
(three years, nine months, twenty-one days) was retaken at Cedar 
Grove, 15 miles distant. The two fish that reached Two Rivers, 55 
miles distant, had been out respectively, one month, twenty-two days 
and three years, two months, five days (Table 5). Only one tagged 
whitefish was retaken south of Port Washington (Waukegan, IIli- 
nois); all others were caught either at the port of tagging or to the 
north within a distance of 55 miles (Two Rivers). Undoubtedly the 
whitefish is a non-migratory species. 

The data presented so far indicate that if the fish migrate at all, the 
herring and whitefish tend to go in a northerly direction from Port 
Washington, at least as far as Two Rivers, the perch in a southerly 
direction, at least as far as Kenosha, and the rainbow trout to the east 
to the Michigan shore. Too few data are available for the chubs, pi- 
lots, lawyer, and carp for reliable conclusions, although the one eight- 
month record of the pilot indicates that this species is non-migratory 
like its relatives, the herring and whitefish, and the single records for 
the lawyer and carp suggest that these species move in a northerly 
direction. The sturgeon apparently roam all over the lake. Table 5 
indicates that the rainbow trout are the fast travelers in Lake Michi- 
gan, no doubt due to the fact that most of them must return each 
year to their spawning grounds in Michigan streams. 

Lake trout—It has already been indicated that the lake trout were 
extensive travelers in Lake Michigan. Since more data have been col- 
lected for this species than for the others, a more detailed discussion 
is possible for the lake trout than for the other varieties. The dis- 
cussion that follows is based on Tables 3 to 7, inclusive. Table 4 shows 
that 21 per cent of the tagged lake trout were retaken within ten days, 
39 per cent within two months, and 53 per cent within one year of 
release. Seventy-three per cent of the lake trout were recaptured 
within 25 miles from Port Washington (Table 3). 

Table 6 shows the relationship between the period of freedom of 
lake trout after tagging and the distance of the region of recapture 
from the locality of tagging. It may be seen that some correlation 
exists between distance covered and period of freedom. Only one of 
the sixty-nine trout that were recaptured within thirty days had trav- 
elled more than 25 miles. The fish that were out from one to two 
months had extended the range to 50 miles, whereas those that were 
out from two to twelve months had added another 25 miles to the 
range. The trout that were out from one to three years had travelled 
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TABLE 6. RELATIONSHIP BETWEEN THE PERIOD OF FREEDOM OF 
LAKE TROUT APTER TAGGING AND THE DISTANCE OF THE REGION 
OF RECAPTURE FROM THE LOCALITY OF TAGGING 


Number of fish recaptured at various distances from 
Port Washington, Wisconsin, or the point of tagging 


51 76 101 126 151 

Time between to to to to 
tagging and 10 100 125 150 225 Total 
recaptur miles miles miles miles miles miles milesnumbe 


! 


days.__.._.. 
2 months _ 
months __. 
months _ 
months 
months 
years ____.. 
years 


noe 


1Data on time lacking for three trout. 


as far as the 125-mile limit, whereas all of those that had moved be- 
yond this limit had been at liberty more than three years. 
Although there was some correlation between distance and time, this 


relationship does not mean necessarily that the longer the trout were 
out the farther they had travelled from Port Washington. Table 6 
shows clearly that up to about three years of freedom most of the 
recovered tagged trout were recaptured within 25 miles from Port 
Washington. Thereafter the trout had become fairly well scattered 
throughout all of the zones, as is indicated by the following distribution 
among the eight zones, beginning with the first one: 2, 5, 4, 2, 8, 5, 2, 2. 

It may be difficult to determine with certainty the general direction 
of migration of the lake trout (and other species), since the localities 
of the recaptures may have depended more on the distribution of the 
fishermen and fishing gear or on the cooperation of the fishermen than 
on the movements of the fish themselves. However, it is believed that 
the data in general indicate the real trend of direction. Figure 1 
shows the approximate localities where the lake trout were recovered. 
The concentric ares, 10, 25, 50, ete., denote miles from Port Washing- 
ton. The number under the name of a port represents the total num- 
ber of tagged trout taken by the fishermen operating out of that port. 
The encircled numbers represent the number of tagged trout caught in 
that general area, and the black dots show the localities of recovery of 
the individual fish for which exact data were available. Figure 1 sug- 
gests that the lake trout tended to move in a northerly direction from 
Port Washington following the Wisconsin shore. Only nineteen trout 
were recovered to the south of Port Washington (seventeen along the 
west shore) and 133, excluding the seventy-three taken off Oostburg. 
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Figure 1—Map of Lake Michigan showing localities of recaptures of lake trout 
(for explanation see text). 
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to the north (127 along the west shore). Only eight of the 218 recap- 
tured trout were taken out of eight Michigan ports. These eight fish 
had been out for periods that ranged from about one year, eight and 
one-half months to six years, eleven months. The fact that these trout 
were taken at nearly every important port along the north and east 
shores indicates that if given time enough the Wisconsin lake trout 
become widely distributed throughout Lake Michigan. Six tagged 
lake trout were recovered in Illinois waters. No doubt the trout 
hatched in the Illinois, Indiana, and Michigan waters of Lake Michi- 
gan likewise migrate beyond the borders of their home state. 

The question arises, ‘‘Did the trout scatter in all directions from 
Port Washington or did they follow the shore line?’’ The fact that 
no small trout were recovered in Michigan (outside the 50-mile zone) 
but that four were taken beyond this zone to the south of Kenosha and 
five to the north of Manitowoc (one of which was taken beyond the 
75-mile radius off Algoma), suggests that the small fish moved along 
the western coast. That the baby trout populations of the east and 
west shores do not mingle to any considerable extent was also indi- 
cated by the U. S. Bureau of Fisheries’ experiments with chub nets 
in which it was found that these small fish were 2.7 times as abundant 
in the Michigan waters as in the Wisconsin waters of Lake Michigan 
(Van Oosten, 1933). Apparently the Port Washington trout reached 
the east shore only as adults. 

Did these adult fish cross the lake, follow the shore line, or scatter 
in all directions? The fact that the records of recaptures were fairly 
well distributed along the entire shore line (except for the region be- 
tween Frankfort and Mackinaw City, Michigan; see Figure 1) sug- 
gests that the trout might have followed the south and north shores 
to reach Michigan waters. If these routes were followed we would ex- 
pect, all other things being equal, that the Michigan fish required more 
time than the Wisconsin trout to traverse a certain distance from Port 
Washington. The records show that the first recapture of an adult 
lake trout from the 75- to 100-mile zone was made in Wisconsin after 
two years, two months, twenty-three days; in Illinois after two years, 
seven months, ten days; and in Michigan after two years, one month, 
seventeen days. The first return from the 100- to 125-mile zone was 
made in Wisconsin after one year, four months, twenty days; and in 
Michigan after one year, eight months, nineteen days; from the 126- 
to 150-mile zone in Wisconsin after three years, six months, twenty- 
eight days; and from the 176- to 225-mile zone in Michigan after 
three years, twenty-nine days. Records of other recaptures from these 
zones likewise indicate that the time between release and recapture 
was about the same for corresponding distances, irrespective of the 
direction of travel. These data suggest that the adult trout tended 
to seatter in all directions from Port Washington, although most of the 
long-distance travelers moved to the north (Table 7). All of the lake 
trout recaptured beyond the 75-mile limit were adults, except one; 
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seventeen of these adults were taken in northern Wisconsin, three in 
Illinois, and eight in Michigan, of which last group six were recovered 
to the north and two to the south of Port Washington (Table 7). 
Were many adults recaptured within the 75-mile radius? Did all 
of the lake trout move out of the local waters at Port Washington as 
they approached adulthood or were most of the trout local residents? 
These questions are of vital importance to the commercial fishermen. 
Table 7 lists the number of adult (114 pounds or more) and young 
trout recovered at various distances from Port Washington. Only 
eight adult fish (8.9 per cent) were retaken locally within the 10-mile 
radius. The greatest number (40 per cent) was recovered within the 
11- to 25-mile zone. If we assume that a radius of 50 miles marks 
the limit of the ‘‘loeal’’ waters off any port, then it may be seen from 
Table 7 that fifty-one fish or 56.7 per cent of es recaptured adults 
were taken in Port Washington waters. If a 25-mile radius is as- 
sumed to be the limit of the fishing waters, then forty-four individuals 
or 48.9 per cent of the adults were caught on Port Washington 
grounds. As was true for the long-distance travelers, so also the more 
local adult trout tended to move in a northerly direction (Table 7). 
As was to be expected, most of the young trout were recaptured in 
local waters—77 fish or 60.2 per cent within 10 miles and 115 fish or 
89.8 per cent within 25 miles of Port Washington (Table 7). If, as is 
indicated by the data, 50 per cent of the baby trout of any locality that 
have reached adult size are recaptured in that locality, it would pay 
the fishermen to take every precaution to protect every baby trout on 
their fishing grounds, for by doing so they are protecting primarily 
their own private interests. 
To summarize, it was shown that not until about three years after 
release did the tagged lake trout become fairly well scattered through- 
out Lake Michigan. Up until this time most of them were recaptured 


TABLE 7. NUMBER AND PERCENTAGE OF TAGGED ADULT (1% POUNDS 
OR MORE) AND YOUNG LAKE TROUT RECAPTURED AT VARIOUS 
DISTANCES FROM PORT WASHINGTON, WISCONSIN 


Total adult 
trout re- 
Number of adult trout recovered covered Total 
Distance in miles Off North of Per of en 
between points Port Port — South of Port cent trout 
of tagging and Wash- Washington recov- 


recapture 
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within 25 miles from Port Washington. All trout, but one, recap- 
tured beyond the 75-mile zone were adults. The trout, both young and 
adult, tended to move in a northerly direction from Port Washington. 
The young trout remained close to the western shore, even when trav- 
elling long distances. With the attainment of adulthood the trout 
moved in all directions from Port Washington, although nearly 50 
per cent of the recaptured adults were taken within 25 miles froin 
this port. Eight trout, all adults, crossed the lake to the Michigan 
shore. Six lake trout, including one young individual, were recovered 
in Illinois waters. No tagged lake trout were recaptured in Indiana 
waters or in Lake Huron. Ninety per cent of the recovered tagged 
young trout were retaken within 25 miles from Port Washington. The 
movement of fish across state boundaries emphasizes the need for uni- 
form regulations on the lake. 


GROWTH OF RECAPTURED LAKE AND Ratnpow TrRovt, 
WHITEFISH, AND STURGEON 


Tables 8, 9 and 10 summarize the available data on the growth of 
the recaptured lake trout, whitefish, rainbow trout, and sturgeon dur- 
ing the periods between tagging and recapture. The data were sum- 
marized for intervals of one year to obtain an estimate of the amount 
of growth in the different years of life. No fish recovered within three 
months of release were considered in the studies of growth. All 
lengths are given in inches, all weights in pounds. For many recap- 
tured lake trout and whitefish only length or weight was given. The 
missing measurement was then supplied by us from a conversion table 
based on many specimens collected by the U. 8. Bureau of Fisheries 
and the Wisconsin Conservation Department. 

Schneberger’s study (1935) of the scales of Lake Michigan lake 
trout and Surber’s experiments (1933) on the rearing of this species 
indicate that the trout of the average sizes shown in Table 8 had com- 
pleted about 214 vears of life at the time of tagging (nearly all of the 
trout were tagged in June and July; they averaged 12.8 inches) or 
about 214 growing seasons, assuming that most of the growth took 
place during the summer. The estimated ages of the recaptured lake 
trout are given in terms of growing seasons. The fish that had been 
out from three to six months (recaptured approximately during Oc- 
tober-December; computed from July 1) had passed through the third 
summer’s growth, whereas those that had been free from six months 
to one year and six months (January 1 to January 1) were assumed 
to have lived through 314 growing seasons (July 1 was used as the 
mid-point). 

The data indicate that a 3-year-old trout averages 13 inches in 
length and 0.7 pound (11 ounces) in weight. However, it appears 
that these figures are too low since the grand average for all of the 
trout at tagging was 12.8 inches. It is obvious that the fish recap- 
tured from three to six months after tagging were below average size. 
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To determine more accurately the average length of the 3-year-old 
trout we may add the estimated increase in length (1.7 inches) of the 
fish during the 3- to 6-month interval to the grand average length 
(12.8 inches) of the trout at tagging. The 3-year-old trout then 
averaged 14.5 inches in length and 0.9 pound (14.4 ounces) in weight. 
At 3% years of age the trout averaged 16.3 inches in length and 1.5 
pounds in weight, the minimum weight limit adopted by most of the 
Great Lakes states. It is te be noted that during the first three vears 
the trout grew on the average about 0.3 pound per year, then in- 
creased 0.6 pound during the next six months, and thereafter, at least 
for three years, added from 1.1 to 1.3 pounds per annum to their 
weight. It is apparent that a minimum size limit of 114 pounds is 
uneconomical because trout of this weight have just entered their pe- 
riod of rapid growth. 

It has been asserted that most of the female lake trout probably do 
not spawn until they reach a weight of about 314 pounds. At this size 
they are approximately 5 years old. The average weight of the 
spawning lake trout is perhaps about 5 pounds. These fish would be 
about 614 years old. 

The oldest lake trout recovered was tagged July 29, 1931, at a length 
of 111% inches and recaptured off Chicago in the fall of 1938, about 
744 years after release, at a weight of 5 pounds. This fish was ap- 
proximately 914 years of age. Since its mouth was deformed by the 
tag this individual in all probability did not grow at the normal rate. 
The second oldest individual had been free six years, ten months, and 
twenty-seven days. It was tagged at a length of 1214 inches on July 
29, 1931. The fish was approximately 914 years of age and had at- 
tained a weight of 714 pounds. A third individual that had been out 
six years, four months and an unknown number of days was retaken 
at a weight of 414 pounds and at an estimated age of 8 years and 8 
months. 

The largest trout recaptured weighed 10 pounds, 2 ounces dressed 
(estimated 12.6 pounds in the round and 3314 inches long). It was 
tagged at 1314 inches, recovered after five years, nine months, and 
twenty-three days, and was approximately 8 vears and 2 months of 
age. The next largest individual weighed 10 pounds, 2 ounces in the 
round and measured 29 inches in length. It was tagged at 14 inches, 
and had been free only three years, ten months, and twenty-three days. 
It was, therefore, about 6 years and 2 months old. 

The whitefish averaged 11.8 inches at tagging (Table 2), but those 
that were recaptured after three months of freedom averaged 12.4 
inches when tagged. Since a number of older fish were included in 
the grand average it may be assumed that the average length of the 
dominant age group was somewhat less than 11.8 inches. Van Oos- 
ten’s (1939) data on the Lake Huron whitefish indicate that indi- 
viduals of such length are about 24% years old. If we assume a com- 
parable growth for the Lake Michigan whitefish then most of those 
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tagged in June and July (nearly all of them) were about 214 years 
old and had completed about 214 growing (summer) seasons. The 
estimated ages of the recaptured whitefish are given in terms of ac- 
tual years of life (Table 9). 

The data are too few to permit a detailed discussion. They indicate, 
however, that in 314 years the whitefish reach a length of about 15.3 
inches and a weight of 1.1 pounds. Since the increase during the last 
year was 0.5 pound the fish must have grown 0.6 pound in 2% years, 
or a little more than 0.2 pound per annum. The data suggest that 
the increment in weight increases (0.5, 0.7, 0.9) each year up to at 
least the sixth vear of life. A 2-pound whitefish, the minimum size 
limit on most of the Great Lakes waters, is probably about 5 years old 
in Lake Michigan. As was true for the lake trout, so also the mini- 
mum size limits on the whitefish permit the capture of the fish during 
their period of very rapid growth. 

The oldest whitefish recaptured had been free three years, nine 
months, and twenty-one days and was about 6 years and 2 months of 
age. During that period it reached a length of 20 inches and a weight 
of 2 pounds in the round. It was tagged at a length of 1114 inches 
on July 14, 1931, and recaptured on May 5, 1935, at Cedar Grove, 
Wisconsin. The second oldest whitefish was at liberty three years, 
two months, and five days. This individual was probably 514 years 
old, during which period it attained a weight of 3 pounds in the 
round. This fish was the heaviest tagged whitefish retaken. It was 
12 inches long when tagged on July 15, 1930, and was recovered on 
September 20, 1933, at Two Rivers, Wisconsin. 

Table 10 gives the growth in length of three tagged rainbow trout 
and one sturgeon. The rainbow trout increased their length from 1.5 
to 2.0 inches during the 914-month period from the first half of July 
to the following April when they were caught en route or on the 
spawning grounds in Michigan. The rainbow trout tagged in 1929, 
1930, and 1931 ranged in length from 6 to 30 inches. About 15 per 
cent of these were less than 12 inches long. It would be of interest 
to know the origin of these small fish found along the Wisconsin shore. 

The recaptured sturgeon grew from 21 inches (2 pounds) to 24 
inches (5 pounds) during the interval of nearly three years and five 
months, from January 13, 1930, to June 7, 1933. The three tagged 
sturgeon measured 21, 25, and 32 inches, respectively. 


SUMMARY 


1. Systematic tagging of 2,902 Lake Michigan fish was begun by 
Smith Brothers at Port Washington, Wisconsin, on June 20, 1929, and 
continued until August 4, 1931. Virtually all of the tagging was done 
during the summer months. 

2. Lake trout comprised 48.8 per cent of the fish tagged and lake 
trout, lake herring, and whitefish (mostly young fish) composed 85.0 
per cent. 


82 American Fisheries Society 


3. A total of 388 fish or 13.4 per cent of the tagged fish was recap- 
tured. The percentages of returns varied from 5.4 for the herring to 
75.0 for the sturgeon. About 22 per cent of the tagged whitefish and 
15 per cent of the tagged lake trout were retaken. 


4. The percentages of returns for the lake trout, whitefish, and stur- 
geon indicate a tremendous fishing intensity in Lake Michigan. Eighty 
per cent of the five tagged sturgeon were recovered. It was estimated 
that more than 31 per cent of the baby lake trout (12.8 inches) and 
more than 44 per cent of the young whitefish (11.8 inches) later en- 
tered the commercial nets. About 28 per cent of these recovered lake 


trout were legal in size and about 14 per cent of these recaptured 
whitefish were of legal length. 


5. About 51 per cent of the recovered fish were taken 10 miles or 
less from Port Washington, Wisconsin, and 81 per cent were taken 
within a radius of 25 miles from this port. The data indicate that, 
in contrast to the lake trout, rainbow trout, and sturgeon, the lake 
herring, whitefish, chubs, pilots and perhaps perch were not extensive 
travelers. However, there may have been some correlation between 
distance travelled and the period of freedom. Nearly all of the chubs 
and pilots were recovered within twenty days after release and within 
10 miles from Port Washington. Nearly all of the perch and herring 
were retaken within sixty days after tagging and within 25 miles from 
this port. Seventy-four per cent of the whitefish were recaptured 
within sixty days, and only four of the 101 recovered individuals were 
taken outside the 25-mile zone. There appeared to be no correlation 
between distances travelled by the whitefish and time out. The white- 
fish is undoubtedly a non-migratory species. 


6. Maximum distances travelled, direction of migration, and maxi- 
mum periods of freedom after tagging are given for the different spe- 
cies. The herring and whitefish tended to move in a northerly direc- 
tion from Port Washington, at least as far as Two Rivers (about 55 
miles), the perch in a southerly direction, at least as far as Kenosha 
(about 57 miles), and the rainbow trout to the east to the Michigan 
shore. Too few data were available for the chubs, pilots, lawyer, and 
carp, although the one eight-month record of the pilot indicated that 
this species is non-migratory. The sturgeon apparently roam through- 
out the lake. The rainbow trout are the fast travelers in the lake. 

7. Fifty-three per cent of the recovered lake trout were recaptured 
within one year of release, and 73 per cent were retaken within 25 
miles from Port Washington. It required three years for the trout to 
become fairly well scattered throughout the lake. All trout, but one, 
recaptured beyond the 75-mile zone were adults. The trout, both young 
and adult, tended to move in a northerly direction from Port Wash- 
ington. The young trout remained close to the western shore, even 
when travelling long distances. With the attainment of adulthood 
the trout moved in all directions from Port Washington, although 
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nearly 50 per cent of the recaptured adults were taken within 25 miles 
from this port. Eight trout, all adults, crossed the lake to the Michi- 
gan shore. Six lake trout, including one young individual, were re- 
covered in Illinois waters. No tagged lake trout were recaptured in 
Indiana waters or in Lake Huron. Ninety per cent of the recovered 
tagged young trout were retaken within 25 miles from Port Washing- 
ton. The movement of fish across state boundaries emphasizes the 
need for uniform regulations on the lake. 


8. Data are given on the growth and estimated age of the tagged 
lake trout, rainbow trout, whitefish, and sturgeon. It is indicated that 
the minimum size limits of the lake trout and whitefish of the Great 
Lakes are economically unsound—they are too low—because at these 
limits the fishermen are permitted to take individuals that have just 
entered their period of most rapid growth in weight. The oldest tagged 
lake trout recovered had been free about 714 years and was approxi- 
mately 914 years old. It weighed 5 pounds. The largest lake trout 
recovered weighed about 12.6 pounds and was approximately 8 years 
and 2 months of age. The oldest tagged whitefish recaptured had been 
at liberty three years, nine months, and twenty-one days, and was 
about 6 years and 2 months old. It had reached a length of 20 inches 
and a weight of 2 pounds. The heaviest whitefish retaken weighed 
3 pounds. It was probably 514 years old. The three rainbow trout 
(16.0 to 21.5 inches) increased their length from 1.5 to 2.0 inches dur- 


ing a 914-month period from the first half of July to the following 
April. The one recaptured sturgeon grew from 21 inches (2 pounds) 


to 24 inches (5 pounds) during an interval of nearly three years and 
five months. 
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AN EVALUATION OF TROUT CULTURE! 


F. FisH 
U. 8. Bureau of Fisheries, Seattle, Washington 


ABSTRACT 


In an evaluation of the efficiency of trout culture, the author presents a de- 
tailed analysis of complete loss records from 288 individual lots of trout at 
twenty-two hatcheries in the western United States. Summarized data are 
given to show the percentage loss of eggs, fry, and fingerlings by progres- 
sive one half inch size groups. The accumulative percentage loss is also 
included to indicate the losses, under average hatchery conditions, between 
the egg stage and each successive size-group. These data cover the indi- 
vidual species of trout commonly reared in hatcheries; summarized data are 
given also for all species combined. A brief discussion of hatchery losses, 
natural losses, and the cost of artificial propagation is ineluded. 


Trout culture, as an institution, is approaching its one-hundredth 
birthday, and it is indeed surprising that in this long period few 
serious attempts have been made to evaluate the efficiency of the 
hatchery system. This information would be of considerable value to 
the hatchery men as a basis for comparing the efficiency of their own 
establishments in relation to the general average. Likewise, fisheries 
managers would find these data of material aid in estimating the ap- 
proximate number of fish of any given size that may be expected to 
become available for stocking from a known number of eggs taken 
into the hatchery. 

Theoretically, at least, artificial propagation offers a distinct ad- 
vantage over natural propagation as a method for assuring a depend- 
able and continuous supply of young trout to replace the larger ones 
taken by the anglers. The hatcheries furnish a protected environment 
to young fish during the more vulnerable stages in their life history— 
albeit only at a considerable price. However, the necessary crowding 
of fish in the ponds and troughs of the hatcheries facilitates greatly 
the transmission of pathogenic organisms. Thus, the problem of dis- 
ease—a factor that is seldom of material consequence in the wild—is 
introduced in the hatchery. Losses from disease may nullify all other 
advantages offered by artificial propagation. 

Few accurate data have been assembled upon the probable survival 
of young trout during their hatchery life. In the absence of definite 
information, it has been virtually impossible to determine the actual 
value of the extensive system of trout hatcheries. Likewise, little is 
known, for purposes of comparison, of the more vulnerable periods in 
the life of the wild trout although the more accurate estimates now 
available indicate that the greatest losses occur between the time of 
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emergence from the gravel and the No. 3 fingerling stage. Therefore. 
the most satisfactory results from trout culture should be realized 
from rearing a maximum number of trout to a minimum length of 3 
inches at the lowest possible cost. By rearing trout to this size in the 
protected environment of the hatchery, the greatest losses in Nature 
ean be obviated. Just how successfully the trout hatcheries as a whole 
may be approaching this goal is not known, primarily because of the 
searecity of accurate and adequate data. 


During the past four years, Bureau hatcheries in the Western Dis- 
trict have reported each week the losses, insofar as possible by actual 
count, on individual shipments or takes of eggs from the time they 
entered the hatchery until all of the resulting fish were subsequently 
liberated. In addition, pertinent data as to average length of the fish, 
disease treatments and their effect, and, recently, the composition, 
amount, and cost of the food have likewise been required. As particu- 
lar emphasis has been placed upon the accuracy of the records, it is be- 
lieved that the resulting data are as accurate as can be obtained under 
routine hatchery conditions and that they describe closely the actual 
state of affairs. During the four-year period, complete records have 
been obtained from 288 individual lots of trout at twenty-two sepa- 
rate hatcheries scattered from western Nebraska to the Pacific coast. 
This sampling should be sufficiently large to minimize the effect of 
individual variations. As these twenty-two hatcheries are no worse, 
and probably no better, than hatcheries elsewhere, a reliable estimate 
of the losses attending trout culture has been obtained. 


In the compilation of these data, the weekly loss records on each lot 
of trout were carefully checked for possible arithmetic errors and all 
lots showing incomplete or confusing figures were discarded. Like- 
wise, losses resulting from purely accidental causes and the so-called 
‘*unaccountable losses’? which usually become apparent at the final 
liberation, were not included. However, no attempt was made to elimi- 
nate the effects of losses from disease which appears primarily respon- 
sible for the increased losses at the No. 2 and No. 3 fingerling stages. 
The records were then summarized by species and the total numbers 
of fish on hand and the numbers lost at progressively greater sizes ob- 
tained. The percentage loss occurring at each size was then derived 
from these figures. In addition, an accumulative percentage loss was 
also determined for each species by assuming a hypothetical number 
of 100 eggs and progressively subtracting the percentage loss occur- 
ring at each size. Thus, the accumulative percentage losses indicate 
the losses that may be expected on each 100 eggs under average hatch- 
ery conditions up to, and including, any particular size. 

The data on hatchery losses, summarized by species and for all spe- 
cies combined, appear in Table 1. 


From the standpoint of the number of legal-sized trout produced, 
these data on hatchery production, coupled with those of Davis (1938) 


SUMMARIZED DATA ON TROUT PRODUCTION 


TABLE 1. 


x 
= 
= 
~ 
> 
S 
= 
~ 
8 
3 
= 


j JOU IO 

‘Spuevsnoy} UT pesseidxe ysy JO J9quINU [¥}0} JO [¥}O} UO 
aed [ 339 
84} JO OY} BSVOIOUL JOU P[NOM SI JT 910M OU 

JO ‘WIOIJ 10 peddyys soouvysuy AUBU SB 9}O[dUIOD JOU S339 UO 
160% 609‘TT G38‘L9 spe[puey ysy jo soquinu 
£6 ost yi S}O[ [VNPIAIpuy Jo 
L 9T 9T jo Jequinn 

peurquroo sefoods 


Set SGT 
060'T 
9 9 
£6 Zor POT S}O[ [VNPIAIpul Jo JequinN 
G09‘T SIL‘T Jo Jequinu 
+9 8L [BNPIAIpuT Jo 
60°03 88°L SAI} E[NUINDDY 
T9°L 88°L SSO[ 
GL SL poey10ded [BNPIAIpul Jo 
0% 02 Jo 
qoo1g 
92°6 Ths SSO[T 
<4 TZ Jo JequinN 


seyout ur sdno173-eztg 
NOILONGOUd LAOUL NO GSZIHVAMOS ‘I 


SSO[ 

SSO[ 

S}O[ jo soquinn 


an 
ONL 


oo 
ae 


oo 


AWMNGS 


87 
58 
> 
rine 
oo 
coo 
~ 
a 
ao 
on N 
re 
AN 


88 American Fisheries Society 


on natural losses, further emphasize the superior results to be ob- 
tained from rearing trout to the larger sizes in the hatchery. 

It is usually assumed that 100 trout eggs developing under natural 
conditions will produce approximately two legal-sized fish. If the 
same 100 eges were taken into the hatchery, seventy-seven No. 1 fin- 
gerlings should result and, if the fish are liberated at this size, 5 per 
cent could be expected to survive yielding a total of four legal-sized 
fish. By the same process of reckoning, the 100 hypothetical trout 
eggs in the hatchery potentially represent, under average conditions, 
sixty-seven No. 2’s, fifty-eight No. 3’s, and fifty-two No. 4’s, from 
which could be anticipated thirteen, twenty-nine and thirty-six legal- 
sized fish, respectively. Thus, 100 trout eggs potentially represent 
from two to thirty-six legal trout, depending upon the length of time 
they are retained in the hatchery. 

Although the artificial propagation of trout undoubtedly yields 
superior results numerically, it does so only at a price. The actual 
cost of trout production is very difficult to determine. Food costs are 
obvious and easily obtained but they represent only a fraction of the 
entire cost. The amount spent for labor, construction, maintenance, 
distribution, and administration in the aggregate undoubtedly com- 
prises the greater part of the cost of trout culture. These items are 
not only very difficult to determine but equally so to apportion fairly 
among the lots of fish. There have been only a few isolated attempts 
to obtain total production costs for trout culture. Perhaps the most 
inclusive was the study by Mottley (1935) who estimated the cost of 
producing No. 3 brown trout to be $24.00 per thousand. This figure 
included only wages, the cost of fry ($1.75 per thousand), and a pro- 
portion (10 per cent) of the costs of pond construction. It is prob- 
able that the items not included would increase this figure to about 
$30.00 per thousand. 

Assuming $30.00 per thousand to be a fair average price for pro- 
ducing 3-inech fish, the cost of hatchery operations is not prohibitive 
in view of the results obtained. If we apply this cost of production 
to the probable returns from liberating No. 3 fingerlings previously 
given, we can make an estimate of the cost of producing legal-sized 
trout from plantings of 3-inch fish. One hundred eggs in the hateh- 
ery, liberated as No. 3’s, represent a potential value of twenty-nine 
legal-sized fish—an increase of twenty-seven fish over natural pro- 
duction. It cost but $1.74 to produce these twenty-seven fish in the 
hatchery—or approximately six cents per legal fish. This price seems 
most reasonable in comparison with the sum spent by the angler to 
eatch a fish. 

From this type of data, one can formulate his own conclusions as 
to the present efficiency of trout culture. The loss of approximately 
one-half the fish in hatcheries between the egg stage and No. 4 finger- 
lings does not prevent a reasonable return on the money invested in 
spite of the fact that this loss is much higher than is desirable. <A 
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more general application of the cardinal principles of scientific fish 
eulture now known and the ready adoption of those which inevitably 
will be revealed through future research would result in a marked 
increase in the efficiency of artificial propagation. 
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DISCUSSION 


THE CHAIRMAN: In these days when fish culture is coming more and more to 
connote artificial propagation and fish management and natural propagation, it 
is a relief to hear a paper of this sort, which would seem to indicate that artifi- 
cial propagation still has its merits. This paper is now open for discussion. 


Mr. LEO SHAPOVALOV: Dr. Fish said that in his calculations he had omitted 
the so-called unaccounted loss and also the loss due to accidental causes. Why 


* were these omitted? 


Dr. FisH: The only trouble with the unaccounted loss arises from the necessity 


of determining how you are going to apportion it along the line. Did that happen 
as No. 1 or No. 4? 


Mr. SHAPOVALOV: If you are calculating the cost, as long as it does happen, it 
has to be taken into consideration. 


Dr. FisH: That is quite true. No doubt I should have included accidental 
causes, but then it is pointed out that these losses are not normal, that they hap- 
pen only once in a while. I have to draw the line somewhere. As a matter of 
fact the totals would not be greatly affected. The unaccounted loss under this 


system is very slight—1 would guess about 2 per cent of the total number of eggs 
taken. 


| 
| 


POLLUTION CONTROL IN CALIFORNIA 
A. SHAW 


In Charge Pollution Control, Division of Fish and Game, 
San Francisco, California 


ABSTRACT 


Pollution problems in California are compared with those of the United 
States as a whole. The expansion of control activities and the cooperative, 
technical, and enforcement features of our present program are discussed. 


The success of a plan correlating technical and enforcement work is empha- 
sized. 


California is justly proud of her diversified climate, topography, 
and recreational and natural resources, but these same attractions 
have promoted the establishment of industries creating an equally 
wide variety of pollution problems, each of which requires detailed 
study and individual methods of correction. Although the opinion 
is often expressed that major pollution problems are confined to the 
Kastern States, it may be ascertained from Federal statistics recently 
published (National Resources Committee, 1939) that only four other 
states in the Union outweigh California in the value of manufactured 


products whose wastes contribute to pollution. The same bulletin in- . 


dicates that California requires 10 per cent of the national investment 
needed to abate municipal sewage pollution. The needs of California 
are equal to those of all other states lying in the western two-thirds 
of our nation. The California State Division of Fish and Game has 
been a leader in the expanding nation-wide activities to attain cleaner 
waterways, and it is the purpose of this paper to describe certain 
general features of the program which we feel have contributed to 
effective action. 

Five years ago only one man was definitely assigned to pollution 
studies by the Division. Since that date, the personnel has been in- 
creased steadily until at present nine men are assigned to full-time 
duty on the Pollution Detail. In the majority of states, pollution 
abatement is chiefly a function of the Health Department, but in Cali- 
fornia industrial wastes come primarily under the control of the Divi- 
sion of Fish and Game and sewage disposal under the former agency. 
The functions overlap to the extent that any industrial waste affecting 
public health may be regulated by the Health Department, whereas 
any sewage effluent shown to be deleterious to fish and aquatic life 
comes within the provisions of the Fish and Game Code. 

Under the present program, pollution control is considered to be 
fundamentally a problem of law enforcement. However, the deter- 
mination of scientific facts and the application of proper engineering 
principles in devising remedial measures necessitate equal emphasis 
on the investigational and technical phases of the work. The staff is 
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therefore composed both of technically trained men and enforcement 
officers. 

Although the writer is directly in charge of the Detail, enforcement 
work and court cases are supervised to a large extent by Mr. C. L.. 
Towers, a Senior Warden. Naturally, our opiniors have been at 
times somewhat divergent, but the discussions growing out of our 
work together have given each of us an understanding of the other’s 
viewpoints. There has resulted a correlation of technical and enforce- 
ment effort largely responsible for the success of the program. 

The history of agencies that have attempted to abate pollution 
through scientific study and cooperative efforts is not particularly en- 
couraging, nor is the story any brighter with organizations that utilize 
only enforcement measures. The recent debates on proposed Federal 
legislation have centered principally on this same question of research 
versus enforcement. Unfortunately, the average technically trained 
man or sanitary engineer is not suited for enforcement work, and the 
enforcement officer rarely has the training or disposition for scien- 
tific studies. In view of these facts it is felt that sponsors of Federal 
legislation on pollution should give serious consideration to provision 
for a staff of scientific investigators from the U. S. Bureau of Fish- 
eries and Public Health Service to work in cooperation with officers 
from the War Department, a recognized enforcement agency. 

Active cooperation with related agencies is an essential feature of 
our work. The study of winery wastes in the Mokelumne River 
(Shaw, 1937), was earried out in cooperation with health officials. 
Affiliation with groups enforcing similar laws has also been of special 
value. California can be particularly proud of the program now ecar- 
ried on cooperatively by the Pollution Detail and Federal agencies 
such as the U. S. War Department, U. S. Customs, and U. 8S. Coast 
Guard. The accomplishments that resulted from this alliance have 
been recognized by a number of states which desired to initiate a 
similar program. The discharge of oil and refuse are Federal as well 
as state offenses, and evidence secured by either Federal or state of- 
ficers is freely exchanged. 

Detailed reports are submitted following the investigation of com- 
plaints or conditions observed on regular patrol. When necessary, 
further field or laboratory studies are conducted to ascertain the facts. 
If the data indicate that a violation exists, notices of inspection are 
issued which cover the condition that must be corrected. While the 
desire is to secure a remedy through cooperative effort, the necessity 
for compliance with the law is pointed out in a fair but firm manner. 

Immediate prosecutions are limited to violations in which prohibited 
substances are discharged through negligence or a wilful disregard 
of the law. No ease is brought to court without adequate evidence, 
ineluding a full written report, pictures, samples, records of analyses, 
and reliable witnesses. Adherence to this policy has produced an im- 
pressive record of successful prosecutions. The increase in the effec- 
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tiveness of enforcement effort is evident from the records of the past 
four years which show only fourteen cases with total fines of $550.00 
for the year 1935-1936, compared to more than sixty cases with fines 
totaling in excess of $12,000.00 for the past twelve months. Thus, in 
this relatively short interval the number of cases has increased more 
than 400 per cent and the average fine imposed has increased 500 
per cent. 

In the treatment of problems common to an industry, a group rep- 
resentative is often approached with the suggestion that the industry 
initiate research work that will lead to the development of approved 
methods of waste treatment and disposal. In the event of active co- 
operation, it is customary to grant time for the development and in- 
stallation of proper equipment rather than to force temporary mea- 
sures that might prove unsatisfactory and costly, for, in the final 
analysis, the goal is to correct conditions rather than to show an im- 
pressive total in court fines. The burden of responsibility for devel- 
oping adequate means of disposal rests with the industry, but the staff 
of the Pollution Detail aids in research programs and is often in a 
position to suggest the proper procedure or to indicate the proper 
line of attack. Cooperative programs of this type have been under- 
taken with many industrial groups among which are included the 
major oil companies, the commercial fishing interests, the Canners’ 
League, the Wine Institute, and the Gold Producers of California. 

Emphasis has been placed on the development of simple and prac- 
tical procedures for the disposal of wastes rather than on the estab- 
lishment of elaborate treatment methods that might prove burden- 
some. Not infrequently the equipment installed to eliminate pollu- 
tion has resulted in the recovery of by-products which have produced 
added profit for the concerns. As the result of cooperative and en- 
forcement activities, several millions of dollars have been expended 
by California industries in recent years for the control of pollution. 
These installations have resulted in marked improvement in the con- 
dition of public waters. 

An illustrated bulletin (Shaw and Towers, 1937) discusses many 
conditions met in the oil, mining, and food industries and describes 
certain preventive and corrective measures developed. Another ar- 
ticle has also been published (Shaw, 1938) that outlines a chemical 
process developed by the Pollution Detail for the clarification of mine 
tailings. 

In this brief summary it is not intended to discuss detailed techni- 
cal data, but a few words with reference to equipment and laboratory 
facilities would seem to be appropriate. Adequate equipment for 
technical, enforcement, and educational work is obviously a necessity. 
A laboratory is maintained at the Hooper Foundation for Medical 
Research where the chemical, bacteriological, and pathological work 
is conducted. In addition to routine analyses of water and industria! 
effluents and the examination of fish and mammals, studies are carried 
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out on methods of analysis, and on the toxicity of chemicals and 
wastes. 

Compact kits are provided for stream surveys and tests in the field, 
and all patrol officers on the Detail are provided with cameras, sample 
bottles, and field notebooks. A large mirror has been found very use- 
ful for the reflection of sunlight into sewers at manholes when tracing 
sourees of oil pollution. Pictures taken with this lighting have been 
used as court evidence. Another recent acquisition is a coring device 
for sampling strata deposited in stream beds or harbor areas. 

About a year ago two moving-picture cameras and accessories were 
purchased for the purpose of obtaining evidence and also for educa- 
tional work. A special box and screen arrangement has been devised 
for the exhibition of pictures to a small group without the necessity 
of darkening the room. While suitable evidence has been taken for 
a number of court cases, every defendant so far has plead guilty, 
knowing that moving-picture evidence was on hand. 

In the past, transportation for most of the patrol work has been by 
automobile but more recently Coast Guard vessels have also been 
utilized. Now a motor launch has been assigned specifically to our 
work. This boat is headquartered at Stockton, where it is proving 
valuable for inland-water surveys. 

During the past year, aeroplanes operated by the Army, Navy, and 
Coast Guard have been utilized on several occasions. Aerial photo- 
graphs are remarkably valuable for outlining the limits of polluted 
areas, and for showing the position of outlets or sources difficult to 
locate from the ground. 

As is true in many other states, difficulties have occasionally been 
experienced with industries that have sufficient political influence to 
delay or prevent the enforcement of remedial measures. In general, 
however, the technical, cooperative, and enforcement features of the 
program as here outlined have served to keep industries actively work- 
ing toward a satisfactory solution of their pollution problems. How- 
ever, even after remedies have been effected the potential sources of 
pollution, particularly in the oil, shipping, and mining industries, are 
such that a continued patrol is essential to prevent the recurrence of 
careless practices. 
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EXPERIMENTS UPON THE CONTROL OF TRICHODINIASIS 
OF SALMONID FISHES BY THE PROLONGED RECIR- 
CULATION OF FORMALIN SOLUTIONS! 


Freperic 
U. S. Bureau of Fisheries, Seattle, Washington 
AND 
Roger E. Burrows 


U.S. Bureau of Fisheries, Quilcene, Washington 


ABSTRACT 


In a search for more effective disinfectants to combat parasitic diseases 
of hatchery fish, the authors report results from a series of experiments de- 
signed to determine the toxicity of varying exposures to concentrations of 
formalin, sodium p-phenolsulphonate, ammonium sulphate, and sodium ben- 
zoate. Non-toxie concentrations of these disinfectants were tested, in addi- 
tion to the usual hatchery methods of salt treatment and hand dipping in 
copper sulphate and acetic acid solutions, on No. 1 brook trout fingerlings 
which had been experimentally infected with the protozoan parasite Tricho- 
dina sp. (previously known as Cyclochaeta sp.). 

Of the disinfectants tested, only formalin completely removed all para- 
sites. Salt treatment in a 5 per cent solution, by weight, as well as hand 
dipping in 1:500 acetic acid, failed to eradicate all parasites present, although 
a marked reduction in their numbers did oceur. The hand dipping in a 
1:2,000 copper sulphate solution was found to be without practical value 
for the removal of parasites. 

The authors recommend a prolonged treatment for sixty minutes by re- 
circulating a 1:4,000 solution of formalin, or, where circumstances permit, 
a 120- to 150-minute exposure to a 1:6,000 concentration of formalin, as the 
most effective, most economical, and least toxic treatments for combating 
infections of Trichodina sp., and presumably those of other external para- 
sites as well, among hatchery fish. 


INTRODUCTION 


The gradual evolution of fish culture during the past two decades 
progressively has emphasized the acute necessity for more effective 
measures to control the ravages of disease. So long as fish culture re- 
mained a relatively short-period trough procedure, hand dipping and 
salt treatments provided easy and reasonably effective methods for 
controlling the diseases which appeared at the hatcheries. However, 
as the practice of rearing fish to the larger fingerling sizes was more 
widely adopted, it beeame more apparent that hand dipping and salt- 
ing were hopelessly outmoded methods, utterly inadequate to cope 
with the disease problems presented by the maintenance of fish in 
pools and ponds. 


Prolonged treatment, developed by Hess (1930) as a method for 


1Published by permission of the Commissioner of Fisheries. 
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controlling parasites of pond fishes and later adapted to trout-cultural 
equipment by Kingsbury and Embody (1932) and by Fish (1933) 
offered a promising technique for effectively obviating the disadvan- 
tages of hand dipping. The earlier methods of both Kingsbury and 
Embody, and Fish, which involved the direct application of the disin- 
fectant to the inflowing water, can be satisfactorily applied to troughs 
and small tanks and represent a distinct improvement over hand dip- 
ping. However, these early methods for administering prolonged 
treatments are believed, at least by Fish, for reasons previously pub- 
lished (1939), to be entirely too inaccurate for application to the 
larger volumes of water contained in pools and ponds. For those 
types of equipment, Fish recommends the recirculation of a carefully 
compounded disinfectant-concentration in a closed system. 

Although considerable attention has been devoted to the perfection 
of a suitable technique for treating fish diseases by prolonged treat- 
ments, comparatively little has been done towards evaluating the rela- 
tive efficacy of the many disinfectant-concentrations available for this 
purpose. Experience with prolonged treatments gained during the 
past nine years has demonstrated the unsuitability of the commoner 
hatchery disinfectants because the margin between effective and lethal 
concentrations is entirely too narrow. One of the projects recently 
undertaken by the Bureau’s Pathology Laboratory at Seattle, Wash- 
ington, has been a search for more satisfactory hatchery disinfectants 
for use in prolonged treatments. 


EXPERIMENTS AND RESULTS 


In brief, the technique employed in determining the toxicity and 
the efficacy of any disinfectant consisted in first establishing the maxi- 
mum coneentration that proved non-toxic to lots of 100 fingerling sal- 
mon during three successive exposures of equal duration at three-day 
intervals. The non-toxic concentrations thus established were then 
tested on individual lots of 1,000 fingerlings which had been experi- 
mentally infected with the external protozoan Trichodina sp. (pre- 
viously known as Cyclochaeta sp.). A quantitative analysis of the 
parasites present on five formalin-preserved fish, by means of cen- 
trifugalization and direct microscopic count, was made immediately 
before the treatment was administered and a second count made 
twenty-four hours later. The direct parasite count has been demon- 
strated to be the most accurate method available for evaluating the 
intensity of infections with Trichodina sp. 

Some selection of the disinfectants to be studied became imperative 
in view of the larger number which are potentially suitable.. It ap- 
peared advisable to confine the study primarily to those reagents 
which, if found effective, would be economically feasible to use in the 
quantities demanded by hatchery operations. 

The non-toxic disinfectant-concentrations tested to date at 47° F. 
were : sodium benzoate, 1:1,000, two-hour exposures ; sodium p-phenol- 
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sulphonate, 1 :1,000, two-hour exposures ; ammonium sulphate, 1 :5,000, 
two-hour exposures; and formalin, 1:2,000, one-hour exposures. Of 
these, only formalin, 1:2,000, was found to be of any practical value 
in eradicating Trichodina sp. from infected fish. In a single one-hour 
exposure, this concentration of formalin produced a reduction from 
1,656 to 0 in the number of parasites present on five experimentally 
infected fish. 

In view of the promising results obtained by the recirculation of 
formalin, it was decided to investigate this reagent further. In a 
second series of toxicity determinations, a 1:1,000 concentration of 
formalin was found non-toxic in thirty-minute exposures at 45° F., 
although it became definitely toxic in sixty-minute exposures. A 1 :2,000 
concentration was not toxic in 120-minute exposures at 46.5° F., but 
was toxic in 240-minute exposures at the same temperature. <A 1:3,000 
concentration was toxic in 240-minute exposures at 49.5° F. A 1:4,000 
concentration for 120-minute exposures at 41.5° F. proved non-toxic 
as did a 1:6,000 concentration for 180-minute exposures at 47.5° F. 

Another series of experimental infections with Trichodina was then 
developed to determine the relative efficacy of the various non-toxic 
concentrations of formalin in comparison with the customary hatch- 
ery-control measures of hand dipping in copper sulphate, 1:2,000; 
acetic acid, 1:500; and salt treatment in a 5 per cent brine solution. 
The results obtained in this determination of relative effectiveness 
are given in Table 1. 


TABLE 1. THE RELATIVE EFFICACY OF VARIOUS TREATMENTS IN RE- 
MOVING TRICHODINA SP. PROM EXPERIMENTALLY INFECTED 
NO. 1 BROOK TROUT 


(Temperature during all treatments—47.5° F.) 


Number of parasites on five fish 


Disinfectant Period of Twenty-four 
and exposure Before hours 
concentration!’ (in minutes) treatment after treatment 


Untreated control 
Copper sulphate 1:2,000_. 
Acetic acid 1: na. 
Salt 5 per cent __.._. 
Formalin 1:2,000 
Formalin 1 
Formalin 1 
Formalin 1: 
Formalin 1: 
Formalin 1: 
Formalin 1 
Formalin 1 
Formalin 1 


1All formalin treatments administered by recirculation. 
*Hand dipping. 
3Salted in trough. 


ConTROL MEASURES FOR TRICHODINIASIS 


Little need be said concerning acetic acid hand it eee 9 other than 
that they are superior to the ‘practically ineffectual 1:2,000 copper 
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sulphate hand dipping for the control of Trichodiniasis. However, 
hand dipping as a general method for treating fish is not only labo- 
rious but it involves the highly objectionable necessity for handling 
large numbers of fish in an extremely unfavorable environment. In 
view of the results obtained from prolonged treatments, the use of 
any hand dip is to be avoided in controlling Trichodina infections. 

Salt treatments, either directly in the troughs or as a hand dipping, 
has been the time-honored method of treating external protozoan in- 
fections of fish. If properly administered, salt treatments will remove 
a large percentage of the external protozoans present on fish although 
it does leave a sufficient number of parasites uninjured to initiate re- 
infection. This fact has been demonstrated several times in various 
unpublished experiments conducted by the Bureau’s Seattle Pathol- 
ogy Laboratory. Heretofore, the ease and economy of salt treatments 
have justified their usage even in the face of doubts as to the perma- 
nent efficacy of the treatment and the obvious necessity for repeated 
administrations to maintain losses of infected fish at a tolerable level. 

‘*Formalin’’ is the commercial name for a solution of formaldehyde 
gas in water, the actual strength being from 33 to 40 per cent by 
weight. The U.S.P. grade of formaldehyde solution, or formalin, 
likewise contains a small quantity of methyl aleohol. The commercial 
grade of formalin should be avoided.in treating fish. Formalin pos- 
sesses many desirable characteristics which make it almost ideal as a 
hatchery therapeutic. Although poisonous to human beings if taken 
internally and irritating to the skin if applied full strength, dilute 
concentrations will not injure skin, cloth, fabrics, leather, or colors. 
Formalin is slightly acid, but not sufficiently so to corrode metals 
other than iron and steel which may be affected by prolonged expo- 
sures. It has a characteristic odor which disappears rapidly upon 
drying. Most important of all, formalin possesses a much greater 
margin of safety between a concentration toxic to fish and an effective 
concentration, at least against Trichodina sp., than any other known 
disinfectant. A 1:4,000 concentration of formalin will completely 
eradicate all Trichodina sp. from trout in a sixty-minute exposure. 
Healthy trout will tolerate three successive exposures of 120 minutes 
each to this concentration at three-day intervals with no apparent ill 
effects. 

Formalin was advocated as a disinfectant for the prolonged treat- 
ment of fish diseases by Kingsbury and Embody (1932). These au- 
thors stated, ‘‘Formaldehyde is especially effective in eliminating 
Gyrodactylus, Dactylogyrus, and the protozoan parasites.’’ This 
statement, insofar as it applies to Trichodina, has been confirmed by 
the controlled infection studies reported herein. 

The chief barrier to the use of formalin as a hatchery therapeutic 
has been the considerable expense involved. Kingsbury and Embody 
(1932) estimated the cost of treating 20,000 trout in a 214 per cent 
salt solution at $0.08 and in formalin, 1:2,500, at $0.43, or a cost 
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ratio of approximately 5:1 in favor of the salt. This relationship be- 
tween the cost of salt treatment and prolonged treatment with for- 
malin does hold true for the original method of prolonged treatments. 
However, in the recirculating technique advocated by Fish (1939), 
the relative costs are reversed. Based on the same cost for reagents as 
quoted by Kingsbury and Embody, 100 cubic feet of water could be 
treated with a 214 per cent salt solution for $1.17. The cost of treat- 
ing 100 cubic feet of water by recirculating a 1:2,500 solution of for- 
malin would be $1.07; a 1:4,000 solution, $0.67; and a 1:6,000 solu- 
tion, $0.45. 

For ordinary prolonged treatments by recirculation, a sixty-minute 
exposure to a 1:4,000 concentration of formalin is recommended. 
Under conditions where ample aeration is assured and no danger from 
increasing water temperature during treatment exists, a 120- to 150- 
minute exposure to a 1:6,000 concentration of formalin will prove 
equally effective and considerably less expensive. If the fish have 
been markedly weakened by disease, a material reduction in the time 
of exposure is advisable. 


CONCLUSIONS 


Of the disinfectants tested to date, formalin shows the greatest 
promise. A sixty-minute prolonged treatment by recirculating a 
1:4,000 solution of this reagent, or a 120- to 150-minute treatment 
with a 1:6,000 concentration, will remove infections of Trichodina sp., 
and presumably other external parasites as well, more effectively, 
more economically, and with less attendant mortality than will any 
other method now known. 


LITERATURE CITED 


Fish, Frederic F. 

1933. The chemical disinfection of trout ponds. Trans. Am. Fish. Soc., Vol. 
63, pp. 158-163. 

1939. Simplified methods for the prolonged treatment of fish diseases. Trans. 
Am. Fish. Soc., Vol. 68, 1938, pp. 178-187 


Hess, Walter N. 


1930. Control of external fluke parasites on fish. Journal of Parasitology, 
Vol. 16, pp. 131-136. 


Kingsbury, Oliver R. and George C. Embody. 
1932. The prevention and control of hatchery diseases by treating the water 
supply. Special Report, Conservation Commission, State of New York, 
16 pp. 


DISCUSSION 


THe CHAIRMAN: Has Dr. Fish had experience with the use of salt water from 
the ocean? 


Dr. FisH: No, I never tried it. I presume the only effect it would have would 
be the same as a salt concentration. 
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Mr. WALEs: I believe some of the Oregon men have tried keeping salmon finger- 
lings in ocean water and comparing the results with others kept in fresh water, but 
I do not think California has done anything along that line. Perhaps some of 
the Oregon people who are here can report on that. 


Dr. GRIFFITHS: I have not used salt water on Cyclochaeta, but I did just re- 
cently use quite a lot of salt. One result with salt which I think has been over- 
looked is that the fish seem to come out of it very easily and start to eat readily; 
it has a stimulating effect. Salt does not eliminate all the parasites, but if the 
hatchery man salts fairly regularly he will find that his fish get along quite well. 
We used salt water once in an attempt to control Ichthyophthirius, but did not 
get any results. 


Dr. FisH: Our figures may be interesting in that respect. Salt treatment was 
applied to five fish for one hour in a 3 per cent solution. Ordinarily you cannot 
do that, but the water temperature was around 40° F. and apparently the fish 
ean stand it much better at this temperature than at a higher temperature. The 
number of parasites on five fish immediately before treatment was 985. Twenty- 
four hours after treatment there were 50 parasites present. Where formalin was 
used in a ratio of 1:2,000, with an exposure of sixty minutes—before treat- 
ment there were 1,656 parasites on five fish, and twenty-four hours after treat- 
ment there were none. I may say that the fish will tolerate easily a treatment 
of formalin, 1:2,000, at a water temperature of 45° F., without any undue loss, 
for as long as four hours. . 

I was interested to note in the Daily Oregonian, on our way down, an article 
on the use of formalin in another capacity—not necessarily, of course, applicable 
to fish. It does not stain, it does not injure fabries, and it is an excellent treat- 
ment for ‘‘athlete’s foot.’’ It appears that it not only helps the fish, but it also 
helps the fish-culturist. 


Dr. HunTER: Will Dr. Fish describe the apparatus for recirculation? I did 
not quite understand how you accomplished the recirculation of your reagents. 


Dr. FisH: As a matter of fact the originator of that method is Mr. Charles 
Foster, of the Washington State Hatchery at South Tacoma. It is very simple; 
all you do is block off your water supply and use a centrifugal pump to keep the 
water aerated. It is much easier to use than the old methods of prolonged treat- 
ment. It is very simple to figure the volume content in the pond by standard 
mensuration formulae. You can figure your dilution and then mix it in and 
spread it around if the pond is large, and start your pump going. This, of course, 
is a progress report, because we are still working on that method. I have used 
certain disinfectants (boric acid) as long as two hours—in a standard trough 16 
feet long and 14 inches wide, containing about 6 inches of water. It had 6,000 
No. 2 silver salmon in it. They stood that treatment with the water cut off com- 
pletely—no recirculation—for two hours, in a 1:500 solution of boric acid. 
Eventually I think the technique will need no apparatus at all, if we can figure 
out how long the fish will stand it safely without depleting the oxygen supply. 


Dr. Hunter: Did I understand you to say you have used this solution in 
troughs? 


Dr. FisH: The primary purpose of the recirculation method was for applica- 
tion in ponds, although trials were generally made in troughs. I have used it in 
ponds, and it works very nicely. It is the only effective method which obviates 
the necessity of seining and handling your fish, which I believe does more damage 
than the disease would have done if you had left the fish alone. 


THE CHAIRMAN: I have noticed that when we had Ichthyophthirius on small- 
mouth bass, it seemed to disappear of its own accord as the water temperature 
increased. Is it susceptible to that sort of change in temperature? 
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Dr. FisH: In this particular experiment they raised the temperature up to a 
certain point and held it for a definite length of time, and they maintain it clears 
up the fish. Ichthyophthirius was not involved in this test I was describing. 
After all, smallmouth bass will stand very warm water. It is quite possible that 


would work; I do not know. I am not sure that anyone knows the thermal death 
time, so to speak, of Ichthyophthirius. 


THE CHAIRMAN: In recirculating the water, instead of using fresh water, did 


you use water which was simply warmed up? Perhaps it was effective on that 
basis. 


Dr. Fish: You are referring to this experiment? 


THE CHAIRMAN: Yes. 


Dr. Fish: No, we kept a temperature record. The temperature rose about | 
degree in two hours. 


THE CHAIRMAN: As I reeall it, pathogenic bacteria in which we are interested 
from the standpoint of human disease have been carried through cultures, and it 
is known that they go through a series of cycle stages, only certain of which are 
virulent. Have such cultures been made of bacteria that are causing fish diseases, 


and are they known to go through ,a series of cycle stages with virulent stages 
as well? 


Dr. FisH: As a matter of fact, to my knowledge the only pathogenic organism 
of fish which you can call that is Bacterium salmonicida. Dr. Duff, of the 
University of British Columbia, has done some work in this connection, on which 
perhaps Mr. Mottley, who has worked with Dr. Duff, or Dr. Pritchard, could give 
some information. I do not know what success he had, I merely talked with him. 
Either Mr. Mottley or Dr. Pritchard could answer the question better than I. 


THE CHAIRMAN: I am still thinking in terms of change of temperature. As | 
recall it, that is one explanation of what brings about these changes in the patho 


genie bacteria, and possibly some change in temperature would be effective also 
in this instance. 


Dr. FisH: That is quite possible. We know so little about the organism. 


FISH PRODUCTION IN TERRACE-WATER PONDS 
IN ALABAMA! 


H. S. anv E. V. Situ 
Alabama Agricultural Experiment Station, Auburn, Alabama 


ABSTRACT 


Terrace-water ponds are being constructed in Alabama that have as their 
only source of water supply the ‘‘run off’’ from terraced pastures and crop 
lands. The water level in the ponds fluctuates, and a maximum of 2 to 4 
feet of water is lost by evaporation and seepage during extremely dry weather. 
A minimum depth of 10 feet in the deepest part of the pond is recommended 
in order to carry the fish population through dry periods. 

The terrace-water ponds are being used successfully for the production of 
largemouth black bass, bluegill bream, and crappie. They can be fertilized 
successfully with commercial fertilizer as very little water is lost over the 
spillway during the growing season. One such fertilized pond, having a 
maximum area at high water of 1.5 acres and an average area of approxi- 
mately 1 acre, was drained after three years; it was fished during the sum- 
mer prior to draining. A total of 77 pounds of fish was removed by fish- 
ing and 580 pounds were taken from the pond when it was drained; of this 
poundage, 225 pounds were largemouth bass, and 284 pounds were bluegill 
bream. The remainder consisted of golden shiners and yellow bullheads. 


In another fertilized pond the catch of game and pan fish in one season 
was 94 pounds per acre. 


INTRODUCTION 


Fish ponds are being constructed by farmers and sportsmen in Ala- 
bama at the rate of several hundred a year. Where possible, water 
is used from small streams, springs, or artesian wells, but where such 
sources of water are not available, the ‘‘run-off’’ water from terraced 
fields or pastures is being utilized. The drainage water from 10 to 30 
acres of terraced land is necessary to supply water for each acre of 
pond. These ponds usually are full only during the winter and early 
spring months. Between wet periods, their water level gradually falls 
due to the loss of water from evaporation and seepage. During long 
dry periods as much as 2 to 4 feet of water may be lost. 

In the construction of a terrace-water pond (Swingle, 1938) care 
must be taken to insure as impervious a dam as possible, as leaks 
through or under the dam may result in the pond drying up during 
periods of drought. Top soil on the area to be occupied by the dam 
must first be removed so that the dam may be anchored into a stratum 
relatively impervious to water. The dam then must be corstructed of 
soil containing sufficient clay to enable it to be tightly packed. A 2:1 
slope on the front and back side of the dam has been found adequate. 


1Published with the approval of the Director. 
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The maximum depth of water in the pond should be 10 feet or more 
to insure enough water to carry the fish through long dry periods. 

Where a sufficient depth of water has been provided, terrace-water 
ponds have been used quite successfully as fish ponds. Largemouth 
black bass, crappie, bluegill bream, and bullheads do very well in 
these ponds and they furnish excellent fishing where properly man- 
aged. Since very little or no water passes out of the pond during the 
summer, conditions are ideal for the use of commercial fertilizers and 


a large number of these ponds throughout Alabama are being fer- 
tilized to increase their productivity. 


TERRACE- WATER PONDS AT THE SAND MouNTAIN SUBSTATION? 


In order to test, on a practical scale, the results of experiments on 
fish production, two terrace-water ponds were constructed on the Sand 
Mountain Substation of the Alabama Experiment Station at Cross- 
ville, Alabama. These ponds get their water from the terraces on 
approximately 30 acres of cultivated land, and are totally dependent 
upon the ‘‘run-off’’ water from this area. The ponds are constructed 
one above the other, the lower pond receiving only the excess water 
passing over the spillway of the upper pond. 

The upper pond has a maximum area of slightly more than 2 acres, 
but averages somewhat less than 1.75 acres throughout the growing 
season of the fish. It was constructed in 1935, and stocked with 17 
adult bluegill bream (Lepomis macrochirus), 17 adult yellow bull- 
heads (Ameiurus natalis), 12 adult golden shiner minnows (Notemi- 
gonus crysoleucas), 180 fingerling largemouth black bass (Huro sal- 
moides), and 11 adult bullfrogs (Rana catesbiana). 

The lower pond has a maximum area of 1.5 acres, but, due to the 
gradual water recession during the spring and summer, averages ap- 
proximately 1 acre throughout the growing season of the fish. It was 
constructed in January, 1936, and stocked with 2,000 fingerling blue- 
gill bream and an unknown number of yellow bullheads and golden 
shiners. In August, 1937, five adult largemouth black bass and an 
unknown number of fingerlings were placed in the pond. In addition 
to these fish the pond received unknown numbers of fry which passed 
over the spillway from the upper pond. 


APPLIED TO PoNDs 


A commercial, mixed fertilizer equivalent to the mixture recom- 
mended by Swingle and Smith (1938) was used in these ponds; this 
consisted of 100 pounds of 6:8:4 (N-P-K) commercial fertilizer plus 
10 pounds of nitrate of soda. A total of from 500 to 700 pounds 
of the mixture was used per acre per season during 1936 and 1937. 
During 1938, approximately 1,000 to 1,200 pounds were used per 


2These ponds were constructed and managed by R. C. Christopher, Superin- 
tendent. 
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acre; the larger amounts were made necessary by heavy rains which 
washed out part of the fertilizer. The cost for fertilizer was approxi- 
mately $10.00 per acre in 1936 and 1937, and $15.00 per acre in 1938. 


FisHING REcorDs ON Two TERRACE-WATER PONDS 


It has been shown (Swingle and Smith, 1939) that commercial fer- 
tilizers greatly increased the fish production of ponds by increasing 
the food available for the fish. Many pond owners, while wishing to 
fertilize their ponds, have hesitated to do so as they feared that the 
great increase in food would result in lowering the catch of fish. 
Fishing results on the ponds at the Sand Mountain Substation indi- 
cate that these fears are groundless. These ponds were fished lightly 
by several families, and the fishing was much better than the actual 
records indicate as many fish were caught and returned to the water. 
Only the fish removed and eaten during 1938 are recorded in Table 1. 


TABLE 1. FISH CAUGHT IN TERRACE-WATER PONDS, SAND MOUNTAIN 
SUBSTATION, CROSSVILLE, ALABAMA, 1938. 


—Total quantity of fish removed. 
Upper pond (1.75 acres) Lower pond (1 acre) 


Weight Weight 
Species Number (pounds) Number (pounds) 


Largemouth black bass 
Bluegill bream 
Yellow bullhead 

Total weight 

Total pounds per acre _........ 


The recorded catch, consisting of bass, bluegills, and bullheads, 
was 94 pounds per acre in the upper pond and 77 pounds in the lower 
pond. The low yields were due to the extremely light fishing to which 
these ponds had been subjected. These catches compare favorably, 
however, with catches of game and pan fish reported elsewhere. 
Swingle (1936) reported an average catch in one year of 30 pounds 
per acre in unfertilized Alabama ponds; Eschmeyer (1935) recorded 
the catch in Fife Lake, Michigan, as 10 pounds per acre; Viosca 
(1935) estimated the average catch in Louisiana at 30 pounds per 
acre; Elkins (1937) reported a catch of from 3 to 9 pounds per acre 
in Wisconsin lakes; and Hazzard (1935) reported an exceptionally 
large catch of 38.3 pounds of trout per acre in Fish Lake, Utah. 


FisH PropuctTion RECORDS ON A TERRACE-WATER POND 


It appeared that entirely too few fish were being removed from the 
fertilized ponds at the Sand Mountain Substation for the most efficient 
utilization of the crop. Therefore, in order to determine exactly how 
many pounds were being produced, the lower pond was drained in 
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January, 1939, 
(Table 2). 


and all the fish removed, counted, and weighed 


TABLE 2. FISH REMOVED FROM LOWER POND, SAND MOUNTAIN SUB- 


STATION, CROSSVILLE, ALABAMA, JANUARY, 1939. 
(AREA OF POND, 1 ACRE ) 


Weight—— 


Species Number Pounds Ounces 


Golden shiners 


Large bream .............. 263 65 6 
small 346 76 9 
76 124 3 
Yellow bullhead 8 5 5 
Gambusia minnows 222 0 4 

Total weight 58 0 


1Under 5 inches in length. 
*Under 11 inches in length. 


A total of 580 pounds of fish was found to be present in this fer- 
tilized pond upon draining, and 77 pounds had been removed pre- 
viously by fishing. A total, therefore, of 657 pounds of fish were 
removed from this pond which had an average area of approximately 
l acre. Of this total poundage, 522 pounds were game and pan fish 
and 135 pounds were minnows. The high productivity of this terrace- 
water pond was due to the proper application of commercial fertiliz- 
ers. The production of game and pan fish compares very favorably 
with that reported by workers in other states. Thompson and Bennett 
(1939) found from 71 to 256 pounds per acre of game and pan fish 
in Illinois lakes; Juday (1938) found 124 pounds per acre in Lake 
Wingra, Wisconsin; Smith (1938) reported from 17 to 36 pounds 
per acre in Nova Scotian lakes; Davis and Wiebe (1930) reported a 
production of 272 pounds of bluegill bream per acre in fertilized ex- 
perimental ponds in Iowa. Unfertilized ponds in Alabama have been 


found to produce from 100 to 200 pounds of fish per acre (Swingle 
and Smith, 1939). 


Of the total of 522 pounds of bass and pan fish removed, 272 
pounds were above the legal size limit. Seventy-seven pounds had 
been removed by fishing, leaving in the pond 195 pounds, most of 
which should have been removed by fishing if the production were 
utilized to the best advantage. The large fish were disposed of, and 
after the pond was refilled, it was stocked with 200 of the small bass 
and 1,500 of the small bream. Enough small bass remained as a sur- 
plus to stock approximately 0.3 acre of fertilized water and enough 
bream were left to stock 4 acres of fertilized water. The pond was 
3 years old when it was drained, and natural reproduction was 
still sufficiently effective to provide more small fish than were needed 
in the pond. These results give further evidence that restocking with 


the species already present in a pond is unnecessary (Swingle and 
Smith, 1938). 
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SAVINGS GEAR IN THE CALIFORNIA DRAG-NET FISHERY 


G. H. Cuark anp Ross Hatton 
California Division of Fish and Game, San Francisco, California 


ABSTRACT 


The drag-net fishery of California accounts for most of the production of 
fresh fish for the northern and central California markets. This fishery, 
which is carried on almost entirely by ‘‘paranzella’’ drag nets, produces 
about twelve million pounds of fish a year, of which 75 per cent are various 
flounders that inhabit the waters along the California coast. Because of the 
tremendous waste of small unmarketable fish, due to the small-sized mesh in 
the drag nets, an investigation was inaugurated to test the escapement alive 
of different sized fish through various sizes of mesh, and likewise to measure 
the effectiveness of the escapement of fish through different parts of both 
experimental and commercial drag nets. It was found, that by increasing 
the size of mesh in the sacks or cod-ends of these drag nets, a large percentage 
of the small unmarketable and immature fish was permitted to escape alive, 
without reducing the total catch of marketable fish. The drag-net industry 
in California voluntarily adopted the recommendations for the enlargement 
of mesh sizes and is now enjoying greater catches per unit of effort. 


Drag netting or trawling is an old fishery in California. The fish- 
ery was started in the 1870’s when ‘‘good vittles’’ were at a premium. 
Trawling began in San Francisco Bay with lateen sail boats and later 
spread to the open ocean. Power boats were adopted—first steamers, 
then gasoline and later Diesel-powered vessels were used. 

The ‘‘paranzella’’ net is a bottom drag net, somewhat different in 
design from the more highly developed beam and otter trawl. The 
net is made in a sack-like form—wide at the mouth and tapering to- 
ward the closed end. A lead-line or ground-line is attached to the 
lower part of the net which forms the U-shaped mouth; a somewhat 
shorter cork-line or head-rope is attached to the upper part of the 
mouth of the net in such a manner as to be about 6 feet in advance of 
the ground-rope in actual operation. All pieces of webbing in the net 
are either square or oblong in shape. Therefore, all taper and take-up 
is accomplished by means of hanging to the head and foot ropes and 
by attachments of one piece of the net to another. All strain of the 
pull is taken by the head and foot lines directly to the sack proper. 
This design and construction allows a great deal of ‘‘flow’’ to the 
wings and at the quarters of the net so that in operation the force of 
water against the net holds the meshes open. 

‘‘Paranzella’’ fishing is carried on by two boats working together 
with the net behind and between them on the ocean bottom. Tow or 
trawl lines, sometimes as long as 1,000 fathoms, lead from each vessel 
to its side of the net mouth. The two vessels tow about 1,500 feet 
apart on the same course, thus keeping the wings of the net apart and 
the mouth of the net open to entrap fish that are in its path. 


106 


us 
the 
fiv 
sO 
A 
a 
a 
a 
0 
t 
( 


Savings Gear in Drag-Net Fishery 107 


The nets are fished on an average of two hours for a drag, and 
usually three drags are made per day. Occasionally enough fish for 
the day may be taken in two drags; or, if fish are very scarce, four or 
five drags may be made. The fish are landed on the main fishing boat, 
sorted as to species, and, for some species, into large and small sizes. 
All fish that are too small for market, or species that are undesirable, 
are thrown over the side. Most of these discarded fish are dead. 

The catch of the trawl fleet in central and northern California 
averages one million pounds of fish products per month. Of this 
amount, 76 per cent by weight consist of some ten species of flounders, 
of which two species, the pointed-nosed sole (Parophrys vetulus) and 
the round-nosed sole (EHopsetta jordani), are of most importance to the 
fishery. Fourteen per cent of the catch are sharks and skates, 5 per 
cent rockfish (Sebastodes) of several species, 2 per cent Pacific cultus 
cod (Ophiodon elongatus), 1 per cent market crab (Cancer magister), 
and 1 per cent miscellaneous fishes of various species. 

In the development of the industry small mesh was used in these 
nets. However, gradually larger mesh was employed until in 1933 the 
sack of the net was constructed of 314-inch mesh (stretched measure; 
134-inch bar). Observations made on the commercial trawlers six 
years ago revealed that a high percentage of the catch at sea was of 
small, unmarketable sizes. These small fish were sorted from the catch 
by the fishermen and most of them were dead when thrown overboard. 
It was apparent that the gear being used was wasteful. The possi- 
bility suggested itself, therefore, that if the size of mesh were in- 
creased, these small fish would escape to grow to marketable size ; thus 
increasing the available population of bottom-dwelling fish. In addi- 
tion, in the light of investigations in Europe and the eastern coast of 
the United States, it could even be expected that the enlargement of 
mesh size might also increase the effectiveness of the gear for large fish. 

As a result of the foregoing observations on the destruction of small 
fish, work was inaugurated to test the escapement of bottom-dwelling 
fish through various sizes of mesh. Because a high percentage of the 
catch of trawlers is of two species of flounder, the experiments with 
different sizes of mesh were designed for these two varieties of fish. 
A large number of market fish was measured to ascertain their greatest 
breadth, so that a basis could be obtained as to the proper mesh sizes 
to test against the mesh size in use on the commercial vessels. It was 
found that the flounders which were saved from the catch as market- 
able were just under 5 inches in greatest breadth, and ranged from 
205 to 225 millimeters in standard length. At the same time it was 
also determined that the two species of flounders in question ranged 
between 205 to 225 millimeters standard length, at first maturity, at 
an age of 4 years. On the basis of the preliminary findings, ex- 
perimental drag-net gear was constructed to determine a mesh size 
that would cause the greatest escapement of fish of these two species 
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under 230 millimeters standard length, but retain most of the sizes 
greater than 230 millimeters. 

Small otter-trawl nets were constructed with interchangeable cod- 
ends, so that sacks of various mesh size could be tested on alternate 
hauls over the same grounds. Some of these trawls were made of 
small mesh in the wings and throat while others were constructed of 
larger mesh in the forepart so that tests of the efficiency in the differ- 
ent parts of the net beside the cod-ends could be attempted. 

The procedure in the mesh tests was as follows. On a given fishing 
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Figure 1—Length-frequency distributions of fish (all species combined) captured 

by experimental trawls with 344-inch mesh (solid line; 829 fish) and 5-inch mesh 

(broken line; 523 fish). Combined results of all experimental hauls during the 
years 1935 to 1937. 


ground a drag was made with a small-mesh otter trawl to ascertain 
what sizes of fish inhabited that ground. Then alternate hauls were 
made over the same ground, using different sizes of mesh both in the 
cod-ends and in the foreparts of the net. Several different grounds 
were fished over a period of time with different combinations of mesh 
sizes. In Figure 1 are shown the results of tests with cod-ends of 31%4- 
inch and 5-inch meshes with the experimental otter trawl. The exami- 
nation of the data revealed that the comparisons between the commer- 
cial 314-inch and the 5-inch meshes were the only ones of importance 
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because tests made with 4-inch, 414-inch, 6-inch, and 7-inch stretched 
meshes indicated that these sizes of mesh were either too small to 
liberate any number of fish, or too large to hold marketable fish in 
any quantity. Comparisons between the 314-inch and the 5-inch mesh 
show that the use of 5-inch mesh liberates most of the small fish but 
retains just as many, or perhaps more, of the large fish. The 314-inch 
mesh retained 50 per cent and released 50 per cent of the fish at 240 
millimeters, while the 50 per cent retention and liberation point of the 
5-inch mesh was at 295 millimeters total length. 
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Figure 2.—Length-frequency distributions of pointed-nosed soles captured by a 

5-inch mesh commercial paranzella net with a 14-inch mesh sack (solid line; 

1,047 fish) and by a 1%-inch mesh net with a 5-inch mesh sack (broken line; 

730 fish). The data are based on the results of hauls made off Eureka Bar, June 
25 to July 2, 1937. 


The experiments indicated strongly that the escapements of young 
unmarketable fish in the forepart of the net were equal to, or greater 
than, in the sack. Although this eseapement was not measured accu- 
rately, it was nevertheless apparent in all the fishing carried on. 

The trawl-fishery industry was informed of the results of these ex- 
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periments and was urged to try larger meshes in both the sack and 
forepart of their commercial nets. Members of the industry readily 
agreed to try an enlargement of the size of mesh in the sacks of their 
gear, but they were extremely doubtful that any percentage of es- 
capement would occur in the forepart of their commercial ‘‘paran- 
zella’’ nets. However, the industry agreed to aid in making mesh tests 
on the commercial nets. The Division of Fish and Game furnished 
three-quarters of the material for special full-sized commercial drag 
nets, while the industry supplied the balance of the equipment and 
the labor to construct the gear. These commercial-sized nets were 
fished from the regular trawler boats during three fishing days and in 
three localities. The use of the boats, and the services of the fisher- 
men were donated for the work by the fishing companies. 

Comparisons of catches made by ‘‘paranzella’’ nets constructed of 
114-inch mesh (stretched measure) in the wings and throat and a 
5-inch mesh sack and another net of the reverse construction—a 5- 
inch mesh forepart and a 114-inch mesh sack—showed that in commer- 
cial-sized nets the eseapement apparently occurs almost entirely from 
the sack (see Figure 2). The net with the large-mesh sack took very 
few small fish but retained many more large market fish. The 50 per 
cent retention point for the 5-inch mesh sack was at 292 millimeters, 
standard length, and the 50 per cent retention point in the 144-inch 
mesh sack with large mesh in the forepart was at 222 millimeters, 
standard length. 

As a result of this work the trawl industry in central and northern 
California in January, 1934, voluntarily cooperated by adopting a 
5-inch stretched mesh in the sacks of all commercial nets. Since that 
time careful observations of the trawl catch and reports of fishermen 
have demonstrated that with the large mesh there is very little waste 
of small, unmarketable and immature fish. The fishermen have less 
sorting to do; they catch less ‘‘trash.”” Even more gratifying is the 
fact that the catch per drag has increased from 1,625 pounds in 1934 
to 1,921 pounds in 1938. 


THREE YEARS OF FISHERIES STATISTICS ON MARINE 
SPORT FISHING IN CALIFORNIA 


RIcHARD CROKER 


State Fisheries Laboratory 
California Division of Fish and Game 
Terminal Island, California 


ABSTRACT 


Since 1936 the California Division of Fish and Game has collected statis- 
tics on the ocean sport fishery as a part of its management program. Oper- 
ators of pleasure fishing boats make out daily reports on the catches of 
their passengers. Annual catches average 2,000,000 fish with a weight of 
6,000,000 pounds. The tabulated reports show: monthly and annual catches 
of each species; the catch, according to locality, of all species combined 
and of certain important species; the monthly and annual number of fisher- 
men and number of boat trips; and the number of boats reporting each 
month and during the year. 


One of the principal outdoor recreations of California is ‘‘deep sea 
fishing.’’ The visitor from inland areas is always eager to try fishing 
in the ocean, and many of the residents go fishing time and again all 
season for the excellent sport. But this popularity of marine sport 
fishing, like so many things in California, has come about suddenly. 
Twenty years ago there were practically no facilities for ocean sport 
fishing except skiffs or expensive charter boats. Since then, princi- 
pally during the last ten years, a fleet of over 200 party fishing boats 
has sprung up so that now fishermen of small income can avail them- 
selves of the sport. This new fishery has brought its problems, par- 
ticularly as it competes with the long-established commercial fishing 
industry for the same fishing grounds and the same kinds of fish. The 
sport fishery has expanded to the point where facts and figures are 
required for its proper management. This need has been appreciated, 
and the Bureau of Marine Fisheries of the California Division of Fish 
and Game has adjusted its program to include provision for a study 
of ocean sport fishing. This study is based in large part upon the 
eatch records collected since the inauguration of a statistical system 
three years ago (Croker, 1937). 

As the realization grows that adequate catch records are an essential 
part of the information necessary in fisheries management, many con- 
servation organizations are planning and inaugurating statistical svs- 
tems. However, the realization of the necessity and the desire to ‘‘do 
something about it’’ do not in themselves bring about a complete sta- 
tistical system ready to function. Careful planning must precede the 
inauguration of any proposed system. In some situations the expense 
involved outweighs the necessity—when fishing is light there is no 
need for an elaborate statistical program. If the fishery warrants the 
installation of a program—as our ocean fishery does—we must not 
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only carry on trials along original lines but must also make a study of 
the successes and failures of other organizations in obtaining catch rec- 
ords. If all organizations engaged in this type of work make their 
methods known, a considerable amount of wasted effort can be avoided. 
It is the purpose of this paper to present the methods and results of 
the work of the California Division of Fish and Game in one phase of 
fisheries statistics, not as a model of perfection but as an example of 
what can be expected from one of several possible ways of obtaining 
catch records. 

The first fisheries statistical program in California consisted of the 
system for collecting records of the commercial fishing industry, in- 
augurated more.than twenty years ago. The system functions so 
smoothly now that we have all but forgotten the difficulties attending 
its establishment, and the industry accepts record-keeping as a matter 
of course. The manifold program for gathering statistics on sport fish- 
ing, including the ocean fishery, is much more recent and its various 
phases are as yet scarcely out of the formative stage. This program 
follows two general lines—the extensive survey which involves the use 
of a questionnaire embodied in the application for a license, and the 
intensive studies on certain bodies of water. In addition to the survey 
of ocean fishing boats, these investigations include creel-census studies 
on selected streams and lakes, and the collection of records from the 
operators of party fishing boats and skiff resorts on certain important 
lakes and rivers as well as on San Francisco Bay. This varied program 
is too large to describe in one paper. Consequently this discussion will 
be limited to our study of the spectacular ocean fishery in which the 
annual capture of two million fish is involved. 

Conditions in California make a study of marine angling catches 
comparatively easy, but because of the specialized nature of our fishery 
the only loealities in which our methods may find application would be 
along the Atlantic Coast and in the Gulf of Mexico. Fishing from 
commercially operated passenger boats accounts for the great bulk of 
the fish caught by ocean anglers in California. Such a large propor- 
tion of the catch is made by the boat fishermen that we decided to con- 
centrate on their activities and thus simplify the procedure. The pas- 
senger boats are of three general types: party boats running on regular 
daily schedule; charter boats operating irregularly; and barges an- 
chored offshore. The party boats are also known as ‘‘open’’ boats— 
anyone can purchase a ticket which costs $2.00 to $5.00 for a day’s 
fishing. If a group wishes to fish by themselves they obtain a charter 
boat for $20.00 to $60.00 a day. The barges are mostly old dismasted 
sailing vessels with shore-to-boat service. Barge tickets, including 
transportation, cost about $1.00. There is, of course, considerable fish- 
ing from private yachts and from piers as well as from rocks and 
sandy beaches, but the combined catches of shore and yacht fishermen 
in no way compare with those of the passenger-boat fishermen through- 
out the greater part of the State. 
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In laying out the program for collecting records from the passenger 
fishing boats, we drew heavily on the experience gained in conducting 
the study of commercial fish catches. When the preliminary work on 
the catch of sport fishermen was started in 1932 there was no law 
requiring party boats to keep records, such as had enabled us to obtain 
records from fish markets and canneries. Consequently, we attempted 
to obtain voluntary reports (Clark, 1934; Clark and Croker, 1933), 
and had enough success to enable us to lay the groundwork for a full- 
fledged program to be started as soon as a law could be passed. This 
law, requiring operators of passenger fishing boats to take out permits 
and keep catch records, was passed by the 1935 session of the State 
Legislature. On January 1, 1936, the boatmen commenced making 
out daily catch reports under the terms of the new law. In the earlier 
work we found we could not depend on voluntary reports to give us a 
complete picture of conditions. The work involved was too much to 
expect unless it was actually required by law. Even with a law to 
support the program, it is not always easy to convince the boat oper- 
ator of the desirability of good reports, and frequently diplomacy is 
necessary and once in a long while an arrest must be made. However, 
most of the boatmen keep their records conscientiously. In 1936, we 
received reports on an estimated 80 per cent of the catches. The per- 
centage increased to about 90 per cent the next year and since then our 
records have been at least 95 per cent complete. 

The system for collecting reports is simple enough. The operator of 
each boat is given a record book containing 150 serially numbered, per- 
forated pages with spaces for the desired information—one page for 
each daily trip (only one or two boats make occasional trips lasting 
more than one day). The sheets are 4 by 8 inches in order that they 
may fit the same files as our commercial records. During the return 
trip from the fishing grounds the skipper or a member of the crew fills 
in the blanks on the sheet, noting the number of fishermen, the locality 
of catch and the number and weight of each species of fish caught, in 
addition to the name and number of the boat and the port of landing. 

Several methods are used for estimating the size of catch. Usually 
the report is an approximation based on the observations of the crew 
members, who can estimate with considerable accuracy. On many 
boats the individual catches are actually counted; this procedure is 
easy on those boats where the crews clean the fish. The weights are 
usually based on estimated averages which are quite accurate. On the 
large barges, with sometimes as many as 300 passengers coming and 
going during a day, accurate estimates are more difficult than on the 
smaller boats. Although a few boatmen may be inaccurate or even 
deliberately falsify their records, we believe that practically all the 
reports are sufficiently reliable. In any event the errors that do occur 
are of a compensating nature and tend to balance each other when 
summaries are made. 


The record sheets are either picked up at monthly intervals by our 


of 
of 
of 
of 
ng 
he 
n- 
SO 
g 
er 
1- 
1S 
m 
se 
e 
it 
a 
e 
Ss 
e 
f 


114 American Fisheries Society 


field man or are mailed to us in special business reply envelopes. We 
prefer to receive them by mail, but we find that visiting the operators 
at frequent intervals to collect records reminds them of their respon- 
sibility and that better reports result. New books are given out, either 
personally or by mail, when the need arises. 

Our experience has shown us the desirability of having on the rec- 
ord sheet a list of the species likely to be caught. If the list is not given 
the boatman is apt to write in only the larger game fish and neglect the 
small species. The first books we had printed were intended for state- 
wide use and included twenty-six kinds of fish. The selection of the 
list was influenced by our preliminary work of 1932; the list included, 
therefore, the more important species taken in southern California 
where the variety is greater than farther north. Additional experience 
showed that some species were not important enough to warrant inclu- 
sion, but that others should be added. The second printing had spaces 
for twenty-seven species. Then we found that this long list was causing 
confusion in central California where fewer species enter into the 
eatch. Accordingly we now have two different forms—one with four- 
teen kinds of fish for central California and one similar to the original, 
carrying twenty-five species, for the more diversified fishery of south- 
ern California. In addition to the lines with names there are several 
blank lines which the skipper can use for additional species that are 
caught only infrequently. 

With minor exceptions the system is now functioning smoothly. Re- 
ports are kept by nearly all the operators as a matter of course, and 
much less field work is necessary now than two years ago. All the big 
outfits that operate fleets of boats are very good about keeping records. 
The manager simply orders his crews to comply and they do. The one- 
boat operators who run on regular schedule are very nearly as reliable, 
although some of them become careless occasionally. The greatest diffi- 
culty is encountered with the owners of the charter boats who operate 
irregularly, principally on week-ends. Most of them are conscientious 
but many simply do not remember. Some deliberately fail to make out 
reports and others, not being primarily fishermen, do not realize the 
importance of our study and are careless. Collecting the few records 
from several dozen neglectful operators by mail and in person requires 
nearly as much time as collecting thousands of reports from the regu- 
lar party boats and barges and the conscientious operators of charter 
boats. We have found that records are most difficult to obtain at the 
beginning and end of the season. The season is approximately the 
same along the entire coast—April to September, with only a few boats 
operating from October to March. Many of the skippers forget to 
report their first few trips in the spring, especially when fishing is 
poor. With the cessation of fishing in the fall, most of the boatmen 
scatter inland or leave on commercial fishing trips. Consequently it is 
difficult to locate either them or their last few records. 

Before tabulation, the record sheets are carefully checked by the field 
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man to detect such errors as transposed numbers in the locality of 
catch, errors in dates, or figures on the wrong line. 

The records are tabulated by the statistical department of the Cali- 
fornia State Fisheries Laboratory, using the Hollerith punch-card sys- 
tem by which all California fish and game statistics are compiled. By 
the use of this system, a great variety of summaries can be produced 
with a minimum of effort. The reports on marine sport catches show 
the following facts: monthly and annual eatches of each species (by 
number of fish and weight) ; the locality of catch of all species com- 
bined and of certain important species; the monthly and annual num- 
ber of fishermen and number of boat trips, along with the amount of 
fish caught; and the number of boats reporting each month and dur- 
ing the year. Summaries are prepared for fishing regions as well as 
for the entire state. The state was divided into geographical regions 
for the commercial fisheries program, and the same regions are equally 
well suited to the sport fisheries program. There is no passenger-boat 
fishing in northern California. Consequently the reports on sport 
eatches are confined to the coastal regions of central and southern 
California: San Francisco, Monterey, San Luis Obispo-Ventura, Los 
Angeles, and San Diego. The reports of the catches of anchored barges 
and of mobile boats are also separated. Some of the boat operators 
fail to report the number of fishermen because they do not realize the 
importance of that information. Consequently, the reports showing 
the number of trips must be separated, one set of figures including 
those trips when the number of fishermen was reported and the other 
including trips where that information was not given. 

From the reports we can caleulate not only the total catches of each 
species, but the landings at different ports, the catches on the various 
fishing grounds, monthly and annual trends, and the catch per unit of 
effort. This study is not purely biological. Our results show the im- 
portance of sport fishing in relation to other phases of outdoor recrea- 
tion and wildlife utilization, as evidenced by the number of boats and 
fishermen participating and the quantities of fish caught. One dis- 
turbing feature is that nearly all of the boats fish for any kind of fish 
that is to be had rather than for just one species. Consequently, a 
eatch analysis of any one species is very complicated. We will have 
to use considerable care in the selection of boats, seasons and localities, 
and in any event will probably have to combine the fish into groups of 
species. 

We now have three years of statistics on ocean sport fishing. The 
data for 1936 and 1937 have been tabulated and subjected to prelimi- 
nary analysis. The 1938 reports are now being tabulated. The pro- 
gram is being continued and 1939 records are coming in daily. 

The reports for the first two years bring to light some interesting 
facts—some of them surprising, others already suspected after the 
analysis of the first incomplete voluntary returns. Total catches reach 
very respectable figures. The reported catch for 1936 was 1,960,000 
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fish that weighed 6,360,000 pounds. The following year the reported 
eatch was 2,130,000 fish that weighed 6,400,000 pounds. The 1937 fig- 
ure represents the catches of 328,000 man-days, or 14,000 boat trips. A 
total of 220 boats reported their activities that year. <A brief discus- 
sion will give some idea of the kind of facts that can be determined 
from reports of the sport ¢atch. 

Southern California is far more important than central California 
in the marine sport fishery. There are at least four reasons for this 
situation: a larger population near the coast; more ocean game fish; 
more pleasant weather along with a smoother ocean; and less inland 
fishing facilities. The Los Angeles region, comprising Los Angeles 
and Orange counties, ranks first among the regions, with 75 per cent of 
all the fishermen reported in 1936 and 1937 and 72 per cent of the 
tonnage caught. Practically all the fishing in this region takes place 
off the coasts of Los Angeles and Orange counties, with some catches 
made off northern San Diego County. The three most important sport 
fishing grounds in the state are in this region: Horseshoe Kelp off San 
Pedro, Santa Monica Bay and Santa Catalina Island. Twenty per 
cent of the catch of the entire state during these years was caught on 
the one small fishing area known as Horseshoe Kelp-Huntington Beach 
Flats. Another southern California region, San Diego, is second in 
importance, with 16 per cent of the anglers and 22 per cent of the 
catch. Most of the fishing here is done at Los Coronados Islands, just 


below the Mexican border, but there is also considerable fishing along 
the San Diego County coast. The Monterey region, with fishing car- 
ried on in Monterey Bay, is next, followed by the San Luis Obispo- 
Santa Barbara-Ventura region, with most of the fishing off San Luis 
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Figure 1.—Average annual catch in pounds, 1936-1937, of the five most impor- 
tant kinds of fish reported caught on the party boats and barges operating off 
the coast of California. 
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Figure 2—Numbers of fish reported caught on the party boats and barges oper- 
ating off the coast of California. Average annual catch, 1936-1937. 


Obispo County. The San Francisco region, embracing the ocean wa- 
ters of Marin, San Francisco and San Mateo Counties, is of negligible 
importance. 

Of all the species of fish taken by ocean anglers, the barracuda 
(Sphyraena argentea) is most important (see Figures 1 and 2). This 


southern California game fish comprises 42 per cent of the total catch 
by weight. In the Los Angeles region the success of the entire fishing 
season depends on the barracuda run. Next in importance is the yel- 
lowtail (Seriola dorsalis), which accounts for 16 per cent of the eatch. 
The greater part of the catch of this species is made at Los Coronados ; 
the success of the season at San Diego is judged almost entirely on the 
size of the yellowtail run. Third, with 9 per cent, is another southern 
California game fish, the rock bass (mostly Paralabrax clathratus, 
with some P. nebulifer). The mackerel (Pnewmatophorus diego), taken 
principally in southern California, comprises 8 per cent of the total. 
The various species of Sebastodes, known as rockfish, rank fifth with 
6 per cent. Most of the rockfish catch is made in central California. 
The above five kinds of fish accounted for 81 per cent of the ocean 
sport catch in 1936 and 1937. Other desirable game fishes, such as 
halibut, bonito, tuna, marlin, white sea-bass, salmon and cultus are 
taken in lesser quantities, along with a miscellany of small fishes, 
sharks and rays. 

The figures already given show what sort of totals can be compiled 
from this type of study. From them the administrator can determine 
what regions, fishing areas, species of fish and seasons are most impor- 
tant to the sportsman, and if protective legislation is necessary this 
knowledge is of decided significance. 

The program has not been under way long enough to show changes 
in the abundance or availability of fish. However, determinations of 
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the catch per unit of effort have been made, using one man’s catch for 
one day as the unit. The catch per man-day in the three northern- 
most regions was about the same in 1937 as in 1936: 24 pounds at San 
Francisco, 13 pounds at Monterey and 20 pounds in the San Luis 
Obispo-Ventura region. In the two southern California regions, 
eatches dropped off in 1937. Catches on the mobile boats in the Los 
Angeles region fell off from 33 pounds per man-day to 25 pounds, and 
San Diego catches likewise dropped from 33 to 25 pounds. Barge 
eatches in the Los Angeles region, however, improved slightly from 
814 pounds a day to 10 pounds. Although average catches in the 
Monterey region are the poorest with respect to the pounds of fish 
taken per day, the catches in this area are relatively good if the num- 
bers of fish, instead of weights, are considered. Most of the fish are 
small at Monterey, and the catches average about eleven fish a day. 
The largest fish of all are taken at San Diego, and although catches 
are very high according to weight, the number of fish per day is low— 
four fish to the man. It must be remembered that these are crude 
figures from unselected boats, but they are indicative of fishing condi- 
tions. 

Finally, our reports give us a basis for comparing pleasure and 
commercial fishing. Nearly all of the leading sport fishes are also of 
importance to the fishing industry, and frequently conflicts arise be- 
tween the two factions in the fishery. With virtually complete reports 
on the catches of both angler and market fisherman, we are in a better 
position to judge which of the two groups exploits any particular fish 
more, and to which the fish is more useful. With these figures avail- 
able, compromises and a settlement of controversies may be possible. 
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DISCUSSION 


THE CHAIRMAN: The fisherman is compelled by law to keep records. Do you 
supply him with copies of your reports after you have them compiled so that 
he can see the value of these records? 


Mr. CRoOKER: We have not published any report as yet, but we are doing so 
this year and every boatman will be given a copy of it. I may say, however, 
that they are all familiar with the general significance of the reports. 


SMALLMOUTH BLACK BASS PROPAGATION IN 
CALIFORNIA 


MERRILL W. Brown 
Foreman, Central Valleys Bass Hatchery, Elk Grove, California 


ABSTRACT 


This paper traces very briefly the history of the smallmouth black bass 
in the State of California from the time of its introduction to the present 
day. The Central Valleys Bass Hatchery, recently constructed near Sacra- 
mento, California, is described. Methods and results of the propagation of 
smallmouth black bass are reviewed in an account of the operations in the 
1938 season at this new California bass hatchery. 


The purpose of this paper is to present the history and methods of 
smallmouth black bass propagation in California. This species of fish 
is not native to California waters but was introduced, along with other 
spiny-rayed fishes, during the latter part of the last century. Seem- 
ingly, at that time, the largemouth and the smallmouth bass were 
frequently ‘‘grouped’’ together in the planting records and reports 
under the term, black bass. However, the records do indicate that 
the smallmouth was the first to be introduced and was probably 
brought to California in 1874 by Livingston Stone. This first plant 
was distributed in Napa and Alameda Creeks. The introduction of 
these fish met with considerable success and their distribution soon be- 
came widespread in the state. 

The popularity of the smallmouth bass as a game fish grew rapidly, 
and constant and repeated requests were received by the Bureau of 
Fish Conservation for plantings in various rivers, lakes and ponds. 
Accordingly artificial propagation was first undertaken in 1933 when 
an experimental bass hatchery was constructed at the town of Friant, 
near the city of Fresno. Here it was demonstrated that these fish 
could be propagated successfully, and that they could be transported 
long distances and planted without loss. Accordingly, a permanent 
plant was constructed at the town of Elk Grove, 15 miles from Sacra- 
mento. 

This new hatchery, as shown by Figure 1, covers an area of nearly 
25 acres and has, besides the various ponds, two residences, a combina- 
tion office and laboratory, a shelter for nets, a warehouse, a fertilizer 
shed, a pump house and a garage. The ponds are divided as follows: 
one 114-acre spawning pond; twelve 14-acre rearing ponds; four 4- 
acre rearing ponds; and a series of seventeen cement daphnia tanks, 
each 1,000 square feet in area and located so that they drain into the 
rearing ponds. 

Our water supply comes from a deep well and is pumped directly 
into the various ponds through underground pipes. It might be well 
to mention that all ponds are so constructed that each can be operated 
as a unit and may be drained or filled independently. 
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CENTRAL VALLEYS BASS HATCHERY 
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Figure 1.—Plan of the Central Valleys Bass Hatchery. 


The progress of smallmouth black bass propagation in this state can 
probably be most successfully reviewed by presenting the methods 
used and the results obtained in 1938, our first year of operation at 
the Central Valleys Bass Hatchery. 

All of our brood fish were obtained during the summer and fall of 
1937 by seining and by hook and line. These fish were kept in the 
spawning pond, which also serves as a brood-fish holding pond, and 
were constantly supplied with forage fish such as hardhead minnows, 
Sacramento suckers, mosquito fish and the like. Forage fish are readily 
obtained by netting in the irrigation ditches located throughout the 
central valleys of California. In mid-March the spawning pond was 
drained, all forage fish removed and the bass examined. Two hundred 
twenty adult spawners were on hand. 

As water temperatures approached the spawning temperature care- 
ful watch was kept of the pond; the first egg deposit was found on 
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March 31. At that time the water temperatures were rising rapidly 
and averaged 56° F. During the breeding season there were three dis- 
tinct spawnings, and as the season advanced it was noticed that the 
nests at each successive spawning became less numerous and contained 
fewer eggs per individual nest. Furthermore, the survival of the eggs 
was lower in the later nests. Whereas the bass spawned the first group 
of eggs on a rising temperature it was readily observed, by the com- 
parison of temperature and nest charts, that the second and third 
spawnings took place during a decided drop in the water temperatures. 
However, the spawning of the second and third group began at a little 
higher temperature than that at which the first spawning had begun. 
The season was completed in about six weeks, the last nest being 
located on May 13. Of 186 nests on which eggs were found, 154 had 
successful hatches. 

Fry appeared for the first time over the nests on April 8, just nine 
days after spawning. The average time for the early group of egg 
deposits to appear as fry was seven days. For the second group five 
and one-half days was the average and for the third and last grouping, 
four days. Water temperatures particularly appeared to govern the 
incubation period. However, the time between the appearance of the 
fry and when the fish rose from the nest, averaged ten days and re- 
mained the same throughout the season in spite of rising water tem- 
peratures. 

The bass fry were netted by means of bobbinet seines from the open. 
saucer-shaped gravel nests, placed in wash tubs and transferred to the 
various rearing ponds. The counting of these young bass into the 
rearing ponds was accomplished by means of weighing with a triple- 
beam balance. It was found that the fish weighed approximately sixty 
to the gram when brought over from the spawning pond. They aver- 
aged 10 millimeters in length. 

The first fry were netted and transferred to the rearing ponds on 
April 19. After that date these ponds were stocked as rapidly as pos- 
sible at the rate of 50,000 to the acre until May 10, at which time the 
final transfer from the spawning pond was made. A total of 231,121 
smallmouth black bass fry was placed in the various rearing pools dur- 
ing the three-weeks spawning period. 

Daphnia and related forms as a source of food for the young fish are 
produced at the Central Valleys Bass Hatchery in cement ‘‘ Daphnia 
tanks’’ and in the rearing ponds. Soybean meal mixed three parts to 
one with acid phosphate, made into a mash and allowed to sour, was 
the only fertilizer used for the production of bass food. The fertiliza- 
tion of the rearing ponds and the Daphnia tanks with the sour mash 
was so planned that a continuous supply of food was always on hand 
for the young fish. About twenty days in advance of the first transfer 
of fry, the ponds into which the early fish were to be planted were each 
fertilized with the soybean meal mash. As the season advanced the 
remaining ponds and then the Daphnia tanks were set up and inocu- 
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lated with Crustacea. To avoid any possibility of pollution, the rear- 
ing ponds were fertilized only once at the beginning of the season by 
seattering 350 pounds of the soybean meal and acid phosphate around 
the shallow edges. Fifty pounds of mash were used in each of the 
Daphnia tanks, which were set up in rotation so that the peaks of pro- 
duction would not all come at once. This procedure, of course, assured 
a continuous supply of food for the bass. Each Daphnia tank was 
drained into the rearing ponds every eight days. The most common 
cladoceran form developed here in the hot, interior valley weather be- 
longed to the genus Moina. Daphnia magna and a representative of the 
genus Simocephalus were also cultured. As water temperatures rose, 
the production of Crustacea dropped, but fortunately other and larger 
forms put in their appearance at about that time. Most numerous 
among these was the bloodworm of the genus Chironomus. The cases 
or tubes of these midge-fly larvae covered the bottom of the Daphnia 
tanks. This food supply was washed down to the bass fry with a 
pressure hose each time one of the cement tanks was emptied. 

Numerous obstacles were encountered during the 1938 season, of 
which high temperatures and filamentous algae were the most difficult 
to overcome. Predaceous insects were, of course, found in the hatchery 
ponds but never were exceptionally numerous. Back-swimmers, of the 
genus Notonecta, were readily controlled by a routine spraying of rear- 
ing ponds with cod-liver oil mixed with two parts of gasoline. This 
regular treatment of the ponds also prevented the tiger-beetle larvae 
of the genus Dytiscus from becoming dangerously common. For con- 
trol of such predators as the dragonfly nymphs all of the rearing 
ponds were completely drained at the end of the season, harrowed and 
allowed to remain empty for several weeks. 

Bull frogs which are quite common in all of our ponds have been 
observed feeding on young fish. However, stomach examinations re- 
vealed that dytiscid beetles constituted their principal diet and that 
comparatively few fry or fingerlings had been taken. The bull-frog 
tadpoles were the trouble-makers due to the fact that they congregated 
in the collecting kettles with the fingerlings when the ponds were 
drained. For this reason the hatchery crew combined business with 
pleasure and held frequent frog hunts. These evening forays kept the 
frog population under control. 

The immense schools of toad tadpoles which appeared in all ponds 
shortly after the transfer of the bass fry from the spawning pond of- 
fered a much more serious problem. They could be seen by the thou- 
sands swimming in a more or less orderly fashion along the edge of the 
levees. The examination of their stomachs showed that they competed 
with the young bass for food. Their digestive tracts were jammed 
with Crustacea. Seines, dip-nets and traps were used in an attempt to 
rid the ponds of the tadpoles, but to little avail, as young smallmouth 
bass also were caught in the nets and traps. Fortunately the meta- 
morphosis of the toad tadpoles takes place early in the season and they 
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had disappeared from the ponds before the harvesting of the fish crop 
took place. 

Fish-eating birds create a problem in that they are protected by law 
because of their economic or esthetic worth, while on the other hand 
they are a definite menace to fish-hatchery production. The following 
birds, named in order of their destructiveness, took their toll from the 
spawning pond: the great blue heron, the California egret, the black- 
erested night heron. The Foster tern, the Anthony’s green heron, 
and the western belted kingfisher were the invaders of the rearing 
ponds. These birds are also listed in the order of their menace to. fish 
life. 

Water snakes are common in this section but no bass fry have ever 
been found in their stomachs. 

Vegetation in our bass ponds has proven to be both a blessing and a 
curse. It is beneficial in that it serves definitely to reduce high water 
temperatures in a locality where the thermometer frequently climbs to 
90° F. or higher. However, vegetation combined with the high air 
temperatures, when the ponds were being drained, was a death trap to 
the fish, and it was absolutely necessary to remove this growth by the 
use of seythes and rakes. 

Spirogyra and Hydrodictyon were the two forms of algae that cre- 
ated the most serious menace in the hatchery. The growths of these 
forms combined with the heat made the draining of the ponds, at times, 
almost impossible. Copper sulphate was used in an attempt to control 
the growth, but to no avail. Some of the algal growth was dipped out 
of the ponds by the use of long-handled paddles made of wire netting, 
but the only effective solution was to allow the ponds to drain very 
slowly, thus permitting the young fry to work out of the algae and 
into the deeper water. 

The one disease organism that appeared on the fish at the Central 
Valleys Hatchery in 1938 was Ichthyophthirius, which was found on 
some bass fingerlings that had been crowded into a small cement tank 
after having been picked up from the collecting kettle of one of the 


rearing ponds. These fish were bathed in a 3 per cent salt solution 
and then planted. 


TABLE 1. SUMMARY OF REARING POND DATA 
of Agewhen Number 


of Total 
removed fish to Number mumber of Percentage 
stocked (as days) theounce of ounces fish! return 


25, 146 
1Grand total—115,600 smallmouth bass. 
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The returns obtained from the various rearing ponds can, I believe, 
be best shown by Table 1. 

An examination of the summary shows that we harvested a total of 
115,600 bass fingerling, which was almost exactly a 50 per cent sur- 
vival of the original number transferred from the spawning pond. 
These fish were reared in the ten ponds constituting a total of 5 acres. 
The average production was therefore 23,150 fingerlings to the acre. 
In from eight to ten weeks the fish ranged in weight from 4.4 to 20.8 
to the ounce, with 11.6 to the ounce being the average weight. 

The propagation of smallmouth black bass has not yet passed beyond 
the experimental stage nor will it be considered more than experimen- 
tal until it has been demonstrated that propagation and distribution 
can be successful to the extent that the expense involved is justified. 
We believe that a thoughtless scattering of fish throughout the state is 
not a wise policy. The bass reared at the Central Valleys Bass Hatch- 
ery are now being introduced into waters that have previously been 
carefully surveyed, where ‘‘follow-up’’ reports can be obtained on the 
results of the plant and also where the introduction of this exotic 


species will not constitute an usurpation of the waters of the native 
trout. 


DIscussION 


THE PRESIDENT: Seldom have I heard of such excellent results having been 
obtained in smallmouth bass culture. Perhaps I may ask a question or two. 
Do I understand you to say that castor oil and kerosene were used in the con- 
trol of surface beetles? 

Mr. Brown: Cod liver oil. 


THE PRESIDENT: That was not detrimental to the bullfrog? 
Mr. Brown: No. 


THE PRESIDENT: Did you observe any effect on mosquito larvae? 
Mr. Brown: No, although I presume it did kill off the larvae. 


THE PRESIDENT: We have had numerous complaints in various sections, in- 
cluding the state of Washington, with regard to the presumed destruction of 
the bullfrog by mosquito-control crews using oil. We feel that if cod-liver oil 
and kerosene would control the mosquito effectively without injuring or driving 
out the bullfrog, it would be of considerable benefit in those sections. 


Mr. Brown: When we applied the mixture of ecod-liver oil and gasoline we 
tried to do the spraying on calm, hot days. However, at our hatchery at Elk 
Grove, where there is a prevailing northwest wind, it is difficult at times to wait 
until there is a calm day on which this can be done. As a rule when we spray a 
mixture of oil it lasts but a very short time, and flows off to one side. I do not 
believe it would remain on the surface of the pond long enough to do harm to 
bullfrogs, or perhaps mosquito larvae either. 


THE PRESIDENT: There is an opportunity there for investigation; we might be 
able to save some bullfrogs. Did you use sodium arsenite to control aquatic 
vegetation? 


Mr. Brown: No. I am using that this year for the first time. 


ANGLERS’ CATCH RECORDS IN CALIFORNIA 


BRIAN CURTIS 
California Division of Fish and Game, Sacramento 


ABSTRACT 


California has had in operation for three years a system whereby the 
angler is requested to make on his application for an angling license a vol- 
untary record of the number of fish which he caught the preceding year, 
listed by species and by county in which they were caught. 

From 75,000 to 90,000 anglers have reported annually, a three-year aver- 
age of about 27 per cent of the licensees. 

Improvements have been made in the system as the need for them became 
apparent, the most important one having been the operation of a “Second 
Call’? questionnaire in 1938 to sample the make-up and activities of the 
non-reporting portion of the angling population. 

The data having to do with numbers of anglers, as for instance, the number 
who report fishing for each species, may be considered to have a high degree 
of reliability. 

The data having to do with numbers of fish caught, as for instance, the 
total reported catch of any species, are of uncertain reliability. However, 
comparison of the figures from year to year suggests that considerable con- 
fidence can be placed in the results. 

Estimates are also made of the activities of the non-reporting part of the 
angling population, based on the records of those who do report. These 
estimates are corrected from time to time as new and hitherto unmeasured 
factors are brought into the picture. These estimates compare satisfac- 
torily from year to year in order of magnitude. 

Disadvantages and uncertainties of the system are listed, the outstanding 
one being the difficulty of determining the extent to which the records of 
the reporting anglers form a true representation of the activities of the 
non-reporting anglers. 

A method of direct sampling of the angling population is in the experi- 
mental stage, which, it is hoped, will eliminate some of the defects in the 
present system. 

The voluntary system is compared with the mandatory system. The 
weakness of the former is found to be the uncertainty as to whether the 
records truly represent the non-reporting population; of the latter, the un- 
certainty as to the reliability of records obtained under legal compulsion 
from possibly unwilling participants, and also, the difficulty of enforcement. 


INTRODUCTION 


This paper describes the work of the Bureau of Fish Conservation 
of the State of California’s Division of Fish and Game with respect to 
the measurement of the anglers’ catch. It discusses principally the 
methods used, the utility of the results, and the advantages, drawbacks. 
and possible improvements—all of which are of general interest—and 
deals with the actual figures obtained only by way of illustration. 

The principal forms of catch records kept by the Division of Fish 
and Game are: 


1. Records of the commercial catch, kept by the Bureau of Marine 
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Fisheries since 1916, obtained from commercial fish dealers who are 
required by law to make reports. 

2. Records of the ocean catch of sport fishermen, kept by the Bu- 
reau of Marine Fisheries since 1936, obtained from barge and party- 
boat operators, who are required by law to make reports of the fish 
taken by their customers. These records do not include ocean sport 
fish caught from shore or from private boats. They do include, for 
reasons which do not concern us here, a part of the striped bass catch 
in inland tidal waters. 

3. Records, kept since 1935 by the Bureau of Fish Conservation, of 
the game fish caught each year by individual sportsmen, obtained from 
their voluntary reports. These include both ocean and fresh-water 
catches. 

This paper deals only with records in the last category. It has 
nothing to do with creel censuses. Creel censuses are of recognized 
importance, and are being carried on in various parts of the state, but 
have no direct relation to the work described here. 


METHODS 


The primary source of the angler’s catch data consists of an indi- 
vidual voluntary report. Each year, when he purchases his fishing 
license, the angler must file an application, and this application form 
contains, among other things, a request for a record of his previous 
season’s catch. The names of the fish are printed in tabular form, and 
the angler is asked to fill in the number of each kind caught and the 
county in which they were taken. 

Because the submission of catch records is purely voluntary, many 
anglers neglect to supply the information. During the three-year 
period, 1936 to 1938 inclusive, an average of 318,000 licenses per year 
were issued, and an average of 85,000 licensees (27 per cent) reported 
their previous season’s catch on their applications for a new license. 

All license applications are sent to the California State Fisheries 
Laboratory at Terminal Island in Los Angeles Harbor. Those without 
catch records are set aside and grouped by county of residence for use 
in determining the geographical distribution of the whole angling 
population. The catch records are analyzed and summarized by sort- 
ing and tabulating machines. 

The final step is the condensation, analysis and interpretation of 
these tables of data to produce a finished product—a report sufficiently 
concise and yet sufficiently complete to be of use in the administration 
of the fisheries. It contains the reported figures showing the total 
eatch of each species, and the catch of each species in each county ; the 
total number of licensees who fish for each species, and the distribution 
of these men by county of residence. It shows how many anglers go 
from each county of residence to other counties to do their fishing; 
and for certain species of particular interest, like trout, it carries 
much more complete detail, such as the number of anglers from each 
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county of residence who fish in each county of catch, and the number 
of fish they catch there. It shows, for instance, that in 1936, out of 
the 2,465 anglers who reported catching 212,443 trout in Mono County. 
1,576 came from Los Angeles County and caught 107,212 trout there. 

In addition to the above, which are merely exact summaries of the 
individual records, the attempt is made to furnish an estimate of the 
total number of trout caught during each year, based on the reported 
figures. 


NATURE OF THE RESULTS 


From 75,000 to 90,000 anglers reported each year, averaging from 
25 per cent to 30 per cent of all licensees. Compared with published 
reports of other voluntary records, this is a high ratio, and if it were a 
true random sample, no statistician could ask for more data. A true 
random sample would give an exact picture, in miniature, of the whole 
angling population, and from it the total catch of all anglers, and the 
distribution of the catch, could be computed with a high degree of 
accuracy. However, it can not be looked upon as a true random 
sample for the following reasons: 

1. Uncertainty as to whether the population of non-reporting an- 
glers has the same make-up as the population of reporting anglers— 
the ‘‘ validity of the sample.’’ 

2. Uncertainty as to the accuracy of the individual angler’s catch 
record—the ‘‘reliability of the unit.’’ 

The ‘‘ validity of the sample”’ is called into question on four counts. 

a. The intensity of reporting varies in different counties. This 
means that the summation of the individual catch records gives a dis- 
torted picture. For instance, the reported catch of trout in 1936 in 
Santa Cruz County was 77,363, in Placer County 63,109; but 47 per 
cent of all anglers residing in Santa Cruz made reports, to only 27 per 
cent in Placer. Corrections can be and are made for this kind of dis- 
tortion. Applied to the figures just given, they show that more trout 
were actually caught in Placer County than in Santa Cruz. 

b. There is reason to believe that intensity of reporting varies 
among fishermen for different species. This is merely a reflection of 
the fact that this sample differs from most of those with which bio- 
logical statisticians have to deal in that any individual unit has the 
ability to abstain voluntarily from participating in the count. 

e. Many applicants, not having had licenses the previous year, are 
not eligible to turn in a catch record, and are obviously not properly 
represented by the reporting anglers. Allowances can be and are 
made for this. 

d. Figures for licensees who caught no fish are very incomplete, 
because the great majority of such licensees, instead of writing ‘‘0’’ in 
the catch record, disregard it entirely. 

The ‘‘reliability of the unit’’ is questionable because of doubt as to 
the accuracy of the angler’s memory. His report is not made until a 
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year after the beginning of his previous season, which means that his 
chances of remembering correctly are diminished by lapse of time; 
and the report is made in the hurry and confusion of buying a new 
license. 

No statistical measure of the ‘‘reliability of the unit’’ has been 
found, but ways do exist of making what might be called common- 
sense checks. Figures from counties of generally similar character 
show results of fairly close comparability; and figures for the same 
items in succeeding years can be compared, as for instance: 


1935 1936 1937 
Per cent of all reporting anglers who report trout... — 58.2 59.6 57.6 


Average reported annual trout catch per 830.7 79.7 78.3 


The close correspondence of these figures would indicate that indi- 
vidual errors to a large extent cancel out, and that considerable confi- 
dence can be placed in the results. 

Another drawback in the present system is the time lag in the prep- 
aration of the finished report. The individual catch records for any 
fishing year are not all in the hands of the staff until all applications 
for the succeeding year have come in; and the time needed to sort and 
code them means that the tabulations are not ready for analysis until 
about the end of May of the second year after the close of the fishing 
year under consideration. For example, tabulations of the 1937 rec- 
ords were completed about the end of May, 1939. Analysis of the 
figures and compilation of the report require about another six weeks, 
but since the end of May is the time when active field work begins to 
demand all the time and attention of all men engaged in fisheries re- 


search, the final report is not apt to be ready before late in the follow- 
ing autumn. 


IMPROVEMENTS TO THE SYSTEM 


The system having been in operation only three years, improvements 
have been made as the need for them became apparent. 

To test the whole question of the validity of the sample, a ‘‘Second 
Call’’ was operated in 1938. A random sample of the non-reporting 
fraction of the angling population was subjected to a questionnaire 
eatch-record, sent by mail to every twentieth non-reporter. The re- 
sults have not yet been completely analyzed, but there is no question 
but that they will be of value in forming an estimate of the unreported 
catch. They have already shed light on the question of ‘‘zero catches,”’ 
indicating that 17.5 per cent of the non-reporting licensees made no 
eatch in 1937—which would mean about 13 per cent of all licensees in 
1937. Of those who made no eatch, about one-half did not fish at all, 
while the other one-half fished unsuccessfully. 

To test the reliability of the unit and at the same time to overcome 
the other drawbacks listed above, a plan is on trial for a mail sample 
of the whole angling population. This provides that catch-record 
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questionnaires be sent by mail to 10 per cent of all licensees, picked at 
random—a total of about 30,000 questionnaires. They will be sent 
immediately at the end of the calendar year so that they will reach the 
fisherman while his memory of his season’s catch is still fairly fresh. 
They will permit him to make out his record in the quiet of his home 
or office, rather than in the confusion of the licensing agency. They 
will go only to licensees of the year. They will emphasize the fact that 
a ‘‘zero catch’’ should be recorded. The replies will all be in the hands 
of the staff by the end of winter, so that it should be possible to have 
the complete report ready by the following May—thus cutting down 
the lag between the end of the fishing year and the availability of the 
report for administrative purposes by about one and one-half years. 
ANALYSIS OF RESULTS 


For analysis, the results may be divided into two main categories: 
those that involve the anglers, and those that involve the fish caught. 

The results that involve the anglers may be accepted as having a 
considerable degree of reliability. The total number of licensees resi- 
dent in each county is recorded whether the applicant makes a catch-. 
record return or not. The angler’s record of the kind of fish he caught 
(trout, striped bass, sunfish, ete.) is subject to very little error. The 
record of the county in which he caught them, though more fallible, is 
nevertheless fairly close to the fact. We have, therefore, a whole 
series of records that deals with the distribution of the angling popu- 
lation by county of residence, by county of catch, and by species 
caught, which can be accepted with considerable confidence and which 
is of high value for administrative purposes, allocation of funds, ete. 

Data that deal with numbers of fish caught are. dependent upon the 
memory and the intent of the angler, and are necessarily of doubtful 
reliability. These data include the recorded totals of each species of 
fish caught in the state and in the different counties. 
‘ As examples of the above two categories it may be stated that the 
number of anglers who reported catching trout in the whole state is 
probably very close to the actual fact, whereas the total number of 
trout reported caught is of doubtful reliability. The number of an- 
glers from Los Angeles who reported catching trout in Mono County 
is probably very close to the actual fact, whereas the number of trout 
reported caught by Los Angeles residents in Mono County is of doubt- 
ful reliability. 

There exists still a third class of results: the estimates of what the 
non-reporting angling population caught, based on the records of 
those who did report. The principal item here is the estimate of how 
many trout the non-reporting anglers caught in the whole state, for 
this figure, added to the reported catch, gives an estimate of the total 
trout catch for the whole state. 

The estimated total trout catch for 1937 is 11,900,000 fish. This does 
not include the catch of fishermen under 18 years of age, who are not 
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required to buy a license. Their catch is considerable, and might 
increase the total by 25 per cent. . 

It should be pointed out that this estimate is arrived at by applying 
corrections which were not available when the records were started. 
In the beginning, all that could be done was to assume that the same 
proportion of reporting and of non-reporting anglers fished for trout, 
and that the average catch per trout fisherman was the same among 
the non-reporting anglers as among the reporting. Applying this 


assumption gave the following results for the three years so far 
recorded : 


1935 1936 1937 
Estimated trout catch of non-reporting anglers 9,600,000 10,600,000 10,000,000 
Actual reported catch of reporting anglers... 4,100,000 3,600,000 4,100,000 


Estimated total for all eS 13,700,000 14,200,000 14,100,000 


The close approximation of these figures in order of magnitude gave 
some grounds for confidence in their reliability. However, they dis- 
regarded the licensees who caught no fish. The number of such 
licensees was quite unknown in 1935 and 1936, but the recently com- 
pleted ‘‘Second Call’’ indicates that they constituted about 17.5 per 


eent of the 1937 non-reporting anglers. Applying this factor to the 
1937 figures, we obtained : 


1937 total trout estimate, first correction____....._..._.. 


12,300,000 fish. 


The ‘‘Second Call’’ also indicated that only 53.6 per cent of the non- 
reporting anglers fished for trout in 1937, as against 57.6 per cent of 
the reporting; and that the non-reporting trout fishermen averaged 
79.3 trout per man as against 78.3 for the reporters. Correcting again 
for these factors, we obtained the estimate already set forth: 


1937 total trout estimate, final figure (twice corrected) 11,900,000 fish. 


The 1935 and 1936 estimates could be corrected proportionally. 

The question may be raised as to whether the ‘‘Second Call’’ per- 
centage of non-reporting anglers who fish for trout, and their average 
trout catch, based on only about 2,000 records, is a truer representa- 
tion of the non-reporting population than the figures obtained from the 
90,000 original reporters. It is the opinion of the writer that the best 
estimate for the total 1937 trout catch would lie somewhere between 
the corrected 12,300,000 and the re-corrected 11,900,000—not count- 
ing the catch of the non-licensed fishermen under 18 years of age. 


COMPARISON WITH MANDATORY METHOD 


To the question why California does not pass a law making it man- 
datory for anglers to report their catches, there are two answers: 

1. Compulsion is not a pleasant process either for the compeller or 
the compelled. It is felt that a better spirit of cooperation between 
the sportsmen and the Division of Fish and Game can be maintained 
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by securing a voluntary record willingly rendered than by making it 
mandatory on the willing and the unwilling alike. 

2. A stronger reason is the belief that mandatory records may well 
be less accurate than voluntary ones. The possibility exists that a man 
who is hostile to the whole system, or merely indifferent, will, if faced 
with the necessity of making a report in order to obtain a license, put 
down the first figures that enter his head, regardless of what his catch 
actually was. Such an individual, under the voluntary system, will 
make no report at all. Those who do report may be considered to have 
enough interest in conservation to try to make their reports conform 
to the actual records of their catch. 

The weakness of the voluntary system is its failure to secure re- 
ports from more than a fraction of the angling population—here, a 
three-year average of 27 per cent (from 75,000 to 90,000 records per 
year)—and the indifference of some of the licensing agents in securing 
anglers’ catch records. As a sample, this percentage is amply large 
for all conceivable purposes. The unanswerable question is the extent 
to which the sample is a true representation of the non-reporting 
population. 

The weakness of the mandatory system is the uncertainty as to the 
extent to which legal compulsion of unwilling reporters increases the 
unreliability of the individual records. 

California at present prefers the former system to the latter. 
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COMPARISON OF COHO SALMON FRY FROM EGGS INCU- 
BATED IN GRAVEL AND IN HATCHERY BASKETS 


G. CaRL 
Pacific Biological Station, Nanaimo, British Columbia 


ABSTRACT 


Eggs of Coho salmon (Oncorhynchus kisutch) were planted in gravel, and 
placed in open and in covered hatchery baskets in hatchery troughs to deter- 
mine the possibility of the production of differences in eye diameter by incu- 
bation under the different conditions. No significant difference was found 
between any two of the three lots. In the gravel planting a number of eggs 
was unaccounted for, which fact may explain the high rates of efficiency ob- 
tained by basing estimates of losses in redds only upon the number of dead 
eggs remaining in the gravel. 


The Transactions of the American, Fisheries Society for 1936 con- 
tained a paper by A. Robertson entitled ‘‘Hatching Fry in Gravel, 
No. 2,’’ in which the author attempted to show that the method of in- 
cubating and hatching sockeye salmon (Oncorhynchus nerka) in gravel 
was superior to the usual hatchery practice. In support of his state- 
ment he outlined certain experiments performed at Harrison and at 
Cultus lake, British Columbia, in which eggs planted in gravel were 
alleged to have resulted in high returns. The greater efficiency of 
this method was said to be the result of the decided physical superi- 
ority of the fry hatched in gravel as compared with fish produced in 
hatcheries. The difference was claimed to be obvious in the larger eye 
and ‘‘capability of the oblique dart’’ of the former fish resulting from 
contact with ‘‘diatomaceous substances’’ present in the gravel in which 
they were incubated. 

With regard to the efficiency of plantings in gravel as compared 
with hatchery incubation, reference may be made to the work of Foer- 
ster (1938) who has shown that there is no significant difference be- 
tween the relative effectiveness of natural and artificial propagation of 
sockeye salmon at Cultus lake. The statement that fish reared artifi- 
cially lose their sense of self preservation is refuted by observers such 
as Lord (1935) and Needham (1938). As to the possibility that 
morphological changes are produced by incubating eggs under hatch- 
ery conditions instead of in gravel, the present writer wishes to present 
data obtained from an experiment carried on during the winter of 
1937-38 at the Cowichan Lake Hatchery, under the auspices of the 
Fisheries Research Board of Canada. 

The experiment consisted of incubating and hatching eggs both in 
gravel and in the usual open hatchery basket to discover if any struc- 
tural differences, particularly with reference to the size of the eye, 
were evident in the two lots of fry. The eggs selected were those of 
the Coho salmon since they were the most readily available. The ova, 
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taken from several ripe females by the dry-incision method, were inter- 
mingled thoroughly and fertilized in the usual manner. After the sub- 
sequent hardening process three lots of 2,000 eggs each were counted 
by hand. The first lot was placed in an open hatchery basket held in 
a hatchery trough; the second was placed in another basket covered 
so as to exclude light; and the third lot was planted in gravel in a 
separate trough screened at both ends. The eggs in the uncovered 
basket were exposed to the same light conditions as the majority of the 
eggs in the hatchery while those in the covered basket were in com- 
parative darkness but otherwise were under identical conditions. The 
gravel used for the third lot was obtained from a portion of stream 
bed normally used as a spawning ground and was placed in the hatch- 
ery trough in such a way as to insure adequate circulation of water. 
The eggs were buried at a depth of 6 to 8 inches, and the entire experi- 
mental portion of the trough was covered to exclude light. The gravel 
was not disturbed until the fry had emerged after a period of twenty- 
two weeks, at which time the gravel was picked over carefully and a 
count was made of unhatched eggs and dead fry. 

A sample of 100 free-swimming fry was taken from each lot and 
preserved in formalin. Measurements were then made of the total 
length and eye diameter. Calipers were used for the former measure- 
ment and a micrometer eyepiece for the latter. From these data the 
ratio of eye diameter to total length was calculated for each fish in 
each sample and the standard error of the average was determined. 
The average ratio of the eye diameter to the total length of fish from 
each lot was found to be as follows: 


Fry from open basket (control) 
Fry from gravel planting 
Fry from covered basket 


The computation of standard errors of the averages revealed that no 
significant differences in the relative size of the eye existed between 
any two of the three groups of fish. The extremely close agreement 
between the ratios of eye diameter to total length of fry hatched in 
gravel and in the open basket is particularly significant in view of 
Robertson’s (1936) statement that fry of sockeye salmon hatched in 
gravel had larger eyes than did hatchery fry. 

The mortality experienced by each of the three lots of experimental 
eggs up to the time of hatching was high and differed considerably as 
follows: open basket, 12.1 per cent; covered basket, 17.6 per cent; 
gravel planting, 46.3 per cent. The high losses were probably the re- 
sult of the extra handling during the intermingling of the eggs of dif- 
ferent fish and during the subsequent counting. It may be noted at 
this point that although the gravel was picked over carefully by hand 
160 eggs were not accounted for. A similar disintegration in nature 
may explain in part the high rates of efficiency obtained by basing the 
estimated loss in eggs in the redd only upon the number of ‘‘blank’’ 
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eggs found in the gravel. In this particular experiment a loss of 41.5 
per cent instead of 46.3 per cent would have been reported had the 
calculation been based upon the number of fry produced as compared 
with the number of dead eggs recovered. Evidently it is sometimes 
impossible to account for all dead eggs or fry in gravel even under 
controlled conditions. 

The writer is indebted to Dr. J. L. Hart of the Pacific Biological 
Station for advice and assistance in the statistical analyses. 
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AN EXPERIMENT IN HATCHING SILVER SALMON 
(ONCORHYNCHUS KISUTCH) EGGS IN GRAVEL 


LEo SHAPOVALOV AND WILLIAM BERRIAN 
Bureau of Fish Conservation, California Division of Fish and Game 


ABSTRACT 


The eggs from five adult sea-run silver salmon (Oncorhynchus kisutch) were 
divided into two lots: 8,239 eggs were buried in gravel in a standard hatchery 
trough and 7,500 placed in a standard hatching basket as a control. Natural 
conditions were simulated as closely as possible with the gravel eggs. The 
eggs required 772.3 temperature units (t.u.) to maximum hatch (control), 
1,084.3 t.u. to earliest emergence from the gravel, and 1,155.6 t.u. to maximum 
emergence from the gravel. Initial to final emergence required at least thirty- 
eight days. Of the eggs buried, 10.2 per cent emerged from the gravel. In the 
control, 65.9 per cent of the eggs hatched and 48.2 per cent survived to the 
time that the experimental fish had finished emerging from the gravel. Ex- 
amination of the gravel and the dead eggs in it at the conclusion of the experi- 
ment and observations made during previous experiments support the view 
that silt carried by unusually severe floods smothered many of the eggs in the 
gravel. This fact seems to account in large part for the small percentage of 
salmon emerging from the gravel. Fifty-six days after initial emergence 
from the gravel, the experimental fish averaged 23.8 fish per ounce (1.19 
grams each, live weight) while the control lot averaged 27.6 fish per ounce 
(1.13 grams each). During these fifty-six days only forty-eight of the experi- 
mental fish died, whereas the mortality in the control lot for the same period 
totaled 905. In the final two weeks, however, the average daily mortality in 
the control was only one fish. 


In 1936 the writers conducted two experiments in hatching steel- 
head trout (Salmo gairdnerii)eggs in gravel (Shapovalov, 1937). 
The present experiment with silver salmon (Oncorhynchus kisutch) 
was designed with much the same purpose and carried out by the same 
methods employed in the steelhead trout experiments. 

The purposes of the experiment were to determine, at least partially, 
the effectiveness of natural spawning of silver salmon, to discover what 
happens from the time the eggs are deposited in the gravel to their 
emergence from the gravel as fry, and to obtain other information that 
ean be applied in an ultimate evaluation of artificial and natural prop- 
agation. It is hoped that a clearer picture of the processes involved in 
natural propagation will be had if we know such factors as the num- 
ber of temperature units! required for eggs to hatch in the gravel, the 
number of temperature units required for hatched fry to work up to 
the surface of the gravel, the percentage of survival of the eggs 
spawned up to the time of emergence from the gravel, and the size and 
health of naturally hatched as compared with hatchery fish. 

Both the present and previous experiments were conducted at the 
Big Creek State Fish Hatchery, 14 miles north of Santa Cruz, Cali- 


1One temperature unit (t.u.) equals 1°F. above 32°F. for a period of twenty- 
four hours. 
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fornia, with eggs secured at the Scott Creek Egg Collecting Station, 
1 mile away. 

Between 11:00 and 11:30 a.m. on January 3, 1938, the eggs of five 
silver salmon were fertilized in the routine manner at the egg collect- 
ing station and then set aside in 2-quart glass jars. After the eggs were 
water-hardened they were taken to the hatchery. There 7,500 of the 
eggs (1,500 from each fish) were counted out and placed in a standard 
wire hatching basket suspended in flowing water in a standard hatch- 
ery trough. These eggs served as a control for the experimental lot 
of 8,239 eggs (the remaining available eggs from each fish), which 
were buried in gravel in the adjoining trough. Dead eggs were not 
picked out of either lot before counting. 

Table 1 gives the data on the individual fish used in the experiment. 
The total egg production of the fish used in the experiment and the 
percentage of eggs obtained from them in stripping (99.6 per cent) 
agree closely with the-data for the fish taken for the regular hatchery 
work at the same time. Ten fluid ounces of eggs taken from the con- 
trol at 4 p.m. contained 809 eggs, or an average of 80.9 eggs per ounce. 


TABLE 1. 


DATA ON INDIVIDUAL FISH USED IN THE EXPERIMENT 


oe 
os ag Sa 
ALS Ags Ho BS 
1 64 2,952 13 2,939 1,439 1,500 
2 67 3,605 11 3,594 2,094 1,500 
3 74 3,804 25 3,779 2,279 1,500 
4 68 2,706 9 2,638 1,138 1,500 
5 67 2,888 9 2,879 1,379 1,500 
Total ae 15,896 67 15,829 8,329 7,500 
Average 68 3,179 13 3,166 1,666 1,500 


The trough in which the experimental eggs were placed was first 
covered with gravel to a depth of 2 inches. The eggs were then scat- 
tered over the gravel and covered by an approximately uniform layer 
of 5 inches of gravel. The process of covering the eggs was begun at 
3:30 p.m. and completed at 4:00 p.m. The water flowing over the 
gravel was approximately 1 inch in depth. Perforated plates were also 
placed before and behind the gravel in such a manner as to force some 
water to run through it. The gravel used had been rolled around in a 
piece of minnow seine under water in order to free it of most of the 
sand and silt that it contained. This gravel was taken from the creek 
bed just above the dam at the Seott Creek Egg Collecting Station and 
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was selected to simulate the type and size on which silver salmon ordi- 
narily spawn. 

We made no attempt to observe the eggs and fish in the gravel, as 
we had done in the first experiment with steelhead trout eggs. The 
eggs of the steelhead trout were placed in gravel in a glass aquarium 
sereened at both ends. Since observations at that time showed that 
the eggs in the gravel hatched at approximately the same time as the 
control eggs, there is no reason to believe that a similar situation does 
not prevail with salmon eggs. 

The eggs in the control lot hatched during a period of ten days, 
February 17-26, with February 20 the day of maximum hatch. 

The day of initial emergence of fry from the gravel was March 9, 
when twenty-five fish appeared. The emerging fry were removed each 
day (usually several times a day) to a standard hatchery trough with- 
out gravel, so that an accurate check could be kept on the numbers 
emerging from the gravel. Maximum emergence occurred on the 
fourth day, when sixty-four fry appeared. However, the emergence 
was spread over a long period and numbers of fry nearly equal to the 
maximum emerged on the eighth, fifteenth, and twentieth days (sixty, 
sixty-two, and sixty-two fry, respectively). The total period of emer- 
gence covered at least thirty-eight days, March 9 to April 15. On May 
4, six more fry were removed from the gravel trough, but it is possible 
that they had emerged between April 15 and May 4 and had escaped 
detection by hiding in crevices in the gravel. In the steelhead experi- 
ments the periods of emergence were also long: sixteen and twenty 
days. The long period of emergence may well account for some of the 
variation in size among naturally-spawned stream fish, even when all 
spawning occurs at approximately the same time. 

The fish that emerged on the first day still had about one-half of 
their yolk sacs unabsorbed, whereas those emerging on the fourteenth 
day had absorbed their yolk sacs almost entirely. 

It is quite interesting that apparently most of the fish emerged at 
night. Consistently more fish were removed from the gravel in the 
morning than in the afternoon. It is probable that a similar emer- 
gence in nature provides the young fish considerable protection from 
enemies. 

Notes taken by Berrian on the morning of the first day of emergence 
are as follows: ‘‘They [the fish] have two holes formed in the gravel 
about 2 feet from the end of the trough and are emerging from these 
holes. I was watching one of the holes this morning and saw two come 
up. The holes were not there yesterday afternoon and were made 
during the night.”’ 

Table 2 shows the number of temperature units and the number of 
days that it took the eggs to reach various stages of development, and 
also the mean temperatures during the various periods. Table 3 shows 
the survival of the fish from the gravel and of those in the control. 
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TABLE 2. NUMBER OF TEMPERATURE UNITS AND NUMBER OF DAYS 
REQUIRED FOR THE EGGS TO REACH VARIOUS STAGES OF DEVELOP. 
MENT, AND THE MEAN eee PREVAILING DURING VARIOUS 


The eggs were fertilized on January 3, 1938 


Mean Number of 
Tempera- temperature days for 
Period of development Date ture units for period (°F.) period 


To maximum hatch 


February 20-_.......... 772.3 48.0 48 
To first emergence from 
1,084.3 48.7 65 


Maximum hatch of con- 
trol to first emergence February 20- 


from: gravel____. 312.0 51.1 a9 
To maximum emergence 
from graven Macckh. 132. ........ 1,155.6 48.9 68 


Maximum hatch of con- 
trol to maximum emer- February 20- 
gence from gravel_.._.. Marca 13... 383.3 51.2 20 


It is seen that a total of only 850 fish or 10.2 per cent emerged from 
the gravel. In the two experiments with steelhead trout 29.8 per cent 
and 79.9 per cent of the fish emerged from the gravel. At that time it 
was stated by Shapovalov (1937) that he believed that natural 
(stream) conditions were simulated reasonably well. If this belief was 
correct it follows that in nature the percentage of deposited eggs which 
emerge from the gravel as fry may vary widely. It may be quite low 
under adverse conditions (silting, caused by flood, as in the first steel- 
head trout experiment, or mining pollution) and, on the other hand, it 
may be quite high under good conditions. In the present experiment 
some of the worst floods ever experienced occurred while the eggs were 
in the gravel (especially just after the eyed stage was reached), and 
the water in the hatchery troughs was laden with silt. On May 4, 
when the experiment was concluded, the gravel was removed by hand 
and a considerable amount of silt was found throughout it. A large 
number of eggs that had developed partially was found also. There is 
every reason to believe that they were smothered by the large quanti- 
ties of silt that had settled around them. We believe that the present 
experiment provides an illustration of the fate met by naturally- 
spawned eggs under adverse conditions. 


TABLE 3. SURVIVAL OF FISH FROM THE GRAVEL AND OF THOSE IN THE 
CONTROL 


Item Control 


7,500 


Original number of eggs 
4,943 
Eggs hatched as percentage of original number... 65.9 
Number of fish emerging from gravel and fish 

present in control at same time._.__..__________._ 850 3,617 
Fish emerging from gravel and fish present in con- 
trol at same time as percentages of original 
10.2 48.2 


Mortality during the period from initial emergence from the gravel 
to the conclusion of the experiment (fifty-six days) was 48 in the ex- 
perimental fish (plus five injured in removal from the gravel) and 


in 

| 
| 
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905 in the control lot. However, in the final two weeks the average 
daily mortality in the control was only one fish. 

On. May 4, 3,617 fish were counted in the control lot (131 ounces 
live weight) and 797 in the experimental lot (33.5 ounces). Thus, the 
fish in the control lot averaged 27.6 per ounce and those in the experi- 
mental lot 23.8 per ounce. The control and experimental lots were fed 
similar amounts and kinds of food, but the experimental fish, due to 


the long period of emergence, exhibited much greater variation in size 
than did the control fish. 


LITERATURE CITED 
Shapovalov, Leo 


1937. Experiments in hatching steelhead eggs in gravel. Calif. Fish and 
Game, Vol. 23, No. 3, pp. 208-214. 


Discussion 


Dr. FREDERIC F. FisH: Were all the eggs from the five fish placed in the same 
trough without partitions anywhere? 


Mr. SHAPOVALOV: Yes. 


Dr. Fish: Do you suppose there was some inherent factor at work, in other 
words that the eggs from fish No. 5 might have taken longer to hatch? That 
long period of emergence seems strange. 


_ Mr. SHaApovALov: That would not explain the long period of emergence, be- 
eause the fish in the control were from the same five fish. If we had taken the 
fish from a large river, we might have had different races, but that problem would 
hardly enter into a small stream such as Scott Creek. 


THE PRESIDENT: You have no information on the possible cause of the long 
period of emergence? 


Mr. SHAPOVALOV: No. The eggs were all buried at the same depth in this ex- 
periment, so that differences in depth should not account for it. There may be 
something in the way the gravel packs, especially when it is silted; there may have 
been pockets of silt and some fish may have worked a much longer time to escape 
from the gravel than others. 


THE PRESIDENT: There would be no differences in mortality as between the 
earlier ones and the later ones? 


Mr. SHAPOVALOV: In all the experiments the mortality is very low, once the 
fish have emerged from the gravel. Under natural conditions the fish that can 
fight their way out through the gravel will be in good condition. Babcock has 
cited the fact that too shallow burial is likely to result-in the fish emerging with 
the yolk sac still attached. I think the fish that were slightly closer to the top 
emerged a little sooner than they should. Of course under natural conditions we 
hardly ever find any fish among the silver salmon that have remnants of the yolk 
sac still.on after emerging. 


Mr. JosePpH H. WALEs: I believe it is possible that some of these eggs in the 
gravel may have been situated in such a way that they received poor aeration, with 
a resulting slowing up in the rate of development. Other eggs in a better posi- 
tion would receive better aeration, their metabolism would be speeded up and they 
might hatch out a little earlier. Then, too, in a hatchery ‘basket you will notice 
that when one fish hatches out of its shell it will agitate the surrounding eggs 
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and cause them to hatch out a little more rapidly than eggs in the same stage of 
development but not agitated by the surrounding eggs. Consequently if there 
were several eggs in the gravel near each other and if one of those eggs reached 
the point of development where it hatched out and agitated the surrounding eggs, 


those surrounding eggs would then hatch out more rapidly than others which 
were isolated from that precocious egg. 


Mr. SHAPOVALOV: I think that is a distinet possibility. The first emergence of 
the fish took place from the end of the standard trough. One might have thought 
‘that since the water was being forced in at the head of the trough these eggs would 
be better oxygenated and would hatch first, but the eggs toward the end of the 
trough still hatched first, despite the fact that they were 5 inches under the 
gravel. Your suggested explanation may account for this peculiarity in hatching. 


Dr. A. L. PrircHarD: Did you make any attempt at the end of the experiment, 
after the emergence was over, to discover how many eggs actually were left in the 
gravel? Did you count every egg that was in there and make your totals check 
with the number you originally put in? I ask the question because some criti- 
cism was made of the work of Hobbs in New Zealand in that the dead eggs dis- 
integrated very quickly. It has been held that the percentages that he obtained 
from digging up the redds are not really representative. 


Mr. SHAPOVALOV: We started to count the eggs in the gravel, but we could not 
get very far because there were eggs in all stages of decomposition. Some of the 
eggs were in fine condition when they were dug up, even two or three months 
from the time they were deposited, but other eggs were badly decomposed. We did 
remove all the gravel by hand, a rather laborious process which took several 
hours, but there were pieces of fish and pieces of eggs all through the gravel. It 
is very difficult to make an exact count. 


Dr. PritcHARD: Dr. Greeley tried to make such a count, and there were ap- 


proximately two hundred eggs he could not find. He assumed they had disinte- 
grated. 


THE PRESIDENT: I note that these fish were stripped. Was the usual process of 
removing eggs from trout employed? 


Mr. SHAPOVALOV: No, these fish were cut open. That is one reason why we got 


99.4 per cent of the eggs contained in the fish. Of course, I do not mean that we 
had 99.4 per cent fertilization. 


THE PRESIDENT: No particular attention was paid by the spawn-takers to re- 
moving the last egg? 


Mr. SHAPOVALOV: The number left in the fish varied from nine to a dozen. I 
would say that they were stripped fairly clean. Incidentally in examining silver 
salmon that have spawned naturally in these small coastal streams, we find they 
spawn almost all of their eggs. Fish that have finished spawning usually contain 
only a dozen or so eggs although sometimes as many as two dozen, or as few as 
two or three eggs are left in the fish, When we strip the fish—the steelhead for 
instance—without killing the fish, around 10 per cent of the eggs consistently 
are left in the fish. ; 


Mr. C. M. BLAKE: The chinook salmon of the later run have a habit of spawning 
on the same bed that the earlier ones used. I am wondering what effect that has 
on the eggs that are already deposited in the gravel. -The fish that spawn later 
may cover the eggs of early spawners considerably deeper than was intended. 


Mr. SHAPOVALOV: I think there is every reason to believe that in some streams 
later runs of the same species of fish or of other species—trout, salmon, or others 


—may destroy many of the naturally-spawned eggs and also expose them to 
predators. 


COPPER SULPHATE AND ROTENONE AS FISH POISONS? 


M. W. 
Atlantic Biological Station, St. Andrews, New Brunswick. 


ABSTRACT 


A concentration of 3 p.p.m. of copper sulphate was effective in killing fish 
in the acid waters of four Nova Scotian lakes. The plankton and the bottom 
fauna were almost entirely destroyed. Rooted aquatic vegetation was largely 
unaffected. About a year elapsed before plankton and aquatic insects re- 
turned in quantity. Mollusks have not repopulated the lakes. Considerable 
copper remained in the waters for some time, but there was evidence that 
much was in a combined, non-toxic form. 

At 5° and 20°C., concentrations of derris and cubé (5 per cent rotenone) as 
low as 0.20 p.p.m. killed yearling trout. At 10°C., 0.20 p.p.m. of derris (3 per 
cent rotenone) was toxic to suckers and lake chubs. In a small lake, 0.25 
p.p.m. of derris (5 per cent rotenone) killed eels, lake chubs, sticklebacks, 
black bass and white perch, but a few eels, lake chubs and sticklebacks sur- 
vived. Storing derris and cubé powders in a dry condition as long as three 
years did not affect their toxicity to brook trout. Increased temperature 
speeded greatly the action of rotenone (derris and eubé powders). Brook 
trout that had lost their equilibrium in water treated with rotenone revived 
in untreated water. Planktonic crustaceans were largely destroyed by con- 
centrations of rotenone sufficient to kill fish in natural waters, but aquatic in- 
sects, mature and immature, mollusks, Hydracarina, certain rotifers, algae 
and rooted aquatics were not destroyed. In a small lake in which the original 
concentration of derris (5 per cent rotenone) was 1.33 p.p.m. the water re- 
mained toxie to fish for approximately one month. 


INTRODUCTION 


In recent years both copper sulphate and rotenone (derris powder) 
have been used to destroy undesirable fish. Under the Fish Culture 
Branch of the Canadian Department of Fisheries four lakes in Nova 
Seotia have been treated with copper sulphate (Catt, 1934; Smith, 
1935, 1938). After the destruction of predators and competitors of 
trout in these lakes, stocking with trout fingerlings may prove more 
successful than in the past. In Michigan, Eschmeyer (1937, 1938) 
has employed rotenone, as contained in derris powder, to destroy 
populations of stunted perch. Derris powder was used also to kill 
the fish population of a stream from which a newly established hatch- 
ery secures its water supply (M’Gonigle and Smith, 1938). The 
poisoning in this stream was done as a ‘‘public health’’ measure, to 
avoid possible infection of the hatchery stock by water-borne diseases 
from native fish, particularly trout and salmon. 

The destruction of entire fish populations provides the opportunity 
to secure valuable information upon the standing crop of fish in va- 
rious types of waters. It may prove feasible to utilize poisons as a 
direct means of studying the production of fish in streams and lakes. 


1Published with the permission of the Fisheries Research Board of Canada. 
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On the other hand, caution must be exercised, for indiscriminate 
poisoning may cause irreparable damage. 


Toxicity oF CopPpER SULPHATE 


Fish—The dose of copper sulphate required to kill fish depends, 
among other factors, upon the species, the temperature and degree of 
hardness of the water, and the content of organic matter—dissolved 
and particulate. Smith (1924), who reviewed tests by various in- 
vestigators upon the toxicity of copper sulphate to several species 
of fish, found considerable variation, even when only one species was 
concerned. This variation is probably due to diverse water condi- 
tions. 

Temperature has a considerable effect upon the toxicity of copper 
sulphate to plants and animals (Powers, 1917). Moore and Keller- 
man (1904) recommended that an effective dose for algae at 15°C. 
be increased or decreased 2.5 per cent for each degree below or 
above this temperature. In the treatments that we have made, the 
copper sulphate was added to the waters in late July or early August 
in order to take advantage of the highest water temperatures. In 
a lake with stratified waters, the temperatures in the hypolimnion 
may be quite low, and the dosage should be increased accordingly. 

Carpenter (1927) showed, that for lead poisoning, the metallic 
ion precipitates the mucus upon the gills of the fish, and that death 
from suffocation results. The action of copper, another heavy metal, 
is probably similar. Thus it is the concentration of the copper ion 
that is important in the treatment of waters for the destruction of 
fish, rather than the presence of copper in combined form, inorganic 
or organic. Topley and Wilson (1936) stated that the toxicity of 
the salts of the heavy metals to bacteria is in proportion to the con- 
centration of free metallic ions and of free hydrogen ions. On the 
other hand, Powers (1917) suggested that the heavy metals owe their 
toxicity to their ability to form colloidal solutions, which are very 
toxic. In hard waters, copper sulphate reacts with the bicarbonates 
to form a basic copper carbonate, and ultimately the insoluble copper 
hydroxide (Ellms, 1905). Accordingly a greater dosage is required 
in hard than in soft waters. Moore and Kellerman (1905) recom- 
mended that the dose be increased by 0.5 per cent for each 10 p.p.m. 
of bicarbonate, and also increased 2 per cent for each 10 p.p.m. of 
organic matter, since copper is removed from solution by various 
organie materials (Carroll, 1904; Smith, 1905). In facet, copper, 
‘due to its affinity for organic matter, has been used as an index of 
the amount of organic detritus in water (Riley, 1937). 

Since so many factors combine to determine the lethal concentra- 
tion of copper, it is advisable that tests be made with the species 
one wishes to destroy and in samples of the water to be treated. 
Prior to the treatment of Lake Jesse, Nova Scotia, Catt (1934) made 
tests upon indigenous fish in water from this lake. (The determined 
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pH range and bicarbonate content of Lake Jesse waters varied from 
6.2 to 6.6 and 9.5 to 11.3 p.p.m. respectively.) It was found that 1 
p.p.m. of CuSO, - 5H2O was approximately the minimum concentra- 
tion required to kill white perch (Morone americana) and yellow 
perch (Perca flavescens). The general result indicated that 3 p.p.m. 
would kill all fish. The treatment of Lakes Jesse, Boar’s Back, Ted- 
ford, and Trefry’s with this concentration has proved effective, al- 
though in Lake Jesse some eels (Anguilla rostrata) and killifish 
(Fundulus diaphanus) survived (Catt, 1934; Smith, 1935). A cer- 
tain number of killifish survived in Tedford Lake also. The observed 
pH range of the waters in the above lakes, excluding Jesse, were: 
Tedford, 5.6 to 6.4; Boar’s Back, 4.3 to 4.6; Trefry’s, 5.7 to 6.3. 
Aquatic invertebrates—The concentration of 3 p.p.m. of copper sul- 
phate destroyed most of the plankton and bottom fauna of the Nova 
Seotian lakes, although some forms were more resistant than others. 
Cladocerans were very susceptible, while certain copepods, such as 
Mesocyclops obsoletus, were present in reduced numbers for some 
days following the treatment, but ultimately disappeared from net- 
plankton samples. Likewise, Hydracarina, particularly nymphs, 
proved fairly resistant in Lake Jesse. Moore (1923) observed that 
a few leeches, notably Macrobdella decora, were able to survive treat- 


ment with copper. See also Ellis (1937) for certain tests on inverte- 
brate forms. 


Comparative counts of planktonic Crustacea, made from comparable 
fifteen-minute tows with a No. 5 plankton net, are presented in Table 
1. Each sample was diluted to 450 milliliters, and the Crustacea 
in ten 1-milliliter samples were counted. Thus the data in Table 1 
represent the numbers of any particular species in an average milli- 
liter of the diluted samples. Plankton samples were taken before and 
some time after the addition of the copper sulphate. Although the 
plankters were largely destroyed, the later repopulation of the lakes 
shows that a small number of the several forms may have escaped 
the toxic action of the copper. Since the lakes are headwaters, the 
repopulation occurred presumably from survivors in the lakes them- 
selves rather than from a restocking from waters above. The restock- 
ing appears too thorough to have been made by chance by birds or 
other agencies. About a year elapsed before the planktonic Crustacea 
became numerous in the net hauls. 


The bottom fauna appeared to be as nearly destroyed as the plank- 
ton. If the bottom fauna were destroyed completely it is possible 
that aquatic insects could replenish the lakes through the migration 
of adults from adjacent waters, but the molluscan population would 
require a much longer interval of time to become reestablished. 
Samples of the bottom fauna indicate that the insect fauna returned 
fairly rapidly. However, the mollusks did not reestablish themselves. 
As with the plankton, a small representation of the bottom fauna, in- 


te 
S, 
of 
d 
l- 
1S 
e 
t 
1 


oe 
tT 


26 

008 


OqVT s,.1v0g 


998'T 


esser T 


> 
~ 
2 
= 
S 
~” 
= 
~ 
= 
a) 
2 
3S 
= 
= 
= 


snwoidog 

snweydsjog 

snsopsy) 
snxoksydgQ 
wnjipedojoy 
Dwosouvydng 


(Ceqeqdms zeddoo 
SZAVI NVILOOS VAON NI VEOVLSAAO OINOLHUNVId JO ‘I 


| 
} 
| 
} 
pis} 
we 23-55 
=H OD LO Orcs 0009 
| C.. 2 


Copper Sulphate and Rotenone as Poisons 145 


cluding mollusks, might be expected to escape. The more rapid re- 
turn of insects might indicate the restocking from other waters. 

Tedford Lake was treated with copper sulphate on July 31, 1936. 
Samples from this lake, obtained by dredging, on May 6, 1938, showed 
that among the reeds there was an estimated population of 249 chirono- 
mid larvae, 77 caddis fly nymphs, 58 leeches and 19 aquatic earth- 
worms per square metre. At a depth of 3 metres in the open water 
there was a population of 19 chironomid larvae, 19 Corethra larvae 
and 19 damselfly nymphs per square metre. Aquatic hemipterans and 
coleopterans were also present. In Lake Jesse and Boar’s Back Lake 
also, the insect fauna returned. 

Higher aquatic vegetation—In the Nova Scotian lakes higher 
aquaties such as those of the genera Nymphaea, Juncus, Pontederia, 
Scirpus, Eriocaulon, and Potamogeton were not affected by copper- 
sulphate concentrations of 3 p.p.m. In Tedford Lake, it was noted 
that the edges of some leaves of Castalia odorata were ‘‘burnt,’’ but 
it was the only form that manifested any apparent damage. Sufficient 
copper may have remained in the bottom mud to affect the roots of 
higher aquatics over an extended period, particularly if the copper 
was in an ionic form, but any damage of this character would be 
difficult to assess. 

Caird (1905) found that potamogetons were destroyed in a reser- 
voir treated with 0.3 p.p.m. of copper sulphate, but Moore and Keller- 
man (1905) reported no damage to water lilies and cattails from 
0.1 p.p.m. 

Algae—Algae are killed by low concentrations of copper sulphate, 
the actual toxicity of the salt depending upon the species and the 
water conditions. Smith (1924) has compiled a table of data of sev- 
eral investigators upon the toxicity of copper sulphate to many algae. 
Copper sulphate has been used commonly to destroy obnoxious algae 
in water reservoirs, particularly before the advent of the more mod- 
ern filtration systems, and also to eliminate ‘‘water-blooms’’ in lakes 
and ponds, either natural or artificial, employed for recreational pur- 
poses. 

Three p.p.m. of copper sulphate in the Nova Scotian lakes de- 
stroyed the algal populations almost entirely. Fifteen-minute tows 
with a No. 18 plankton net secured very few algae for a year or so 
after the treatment. (Lake Jesse was treated on August 3, 1934, 
Tedford Lake on July 31, 1936, and Boar’s Back Lake on August 5, 
1936.) Before the treatment of Lake Jesse the phytoplankton was 
dominated qualitatively by desmids (Smith, 1938). Tows in 1935, 
1936 and 1937 showed no return of these forms. A tow on May 9, 
1936, collected an abundance of Synura and took Tabellaria in a lesser 
quantity. Tows on August 8, 1936, and May 5, 1937, took little phy- 
toplankton, while another tow on September 23, 1937, caught consid- 
erable Dinobryon. In Tedford Lake, diatoms of the genus Tabellaria 
were found to be the most common forms in 1937, although they were 
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still quantitatively poor. On May 6, 1938, an abundance of Synura, 
with smaller numbers of Mallomonas, Dinobryon, and Tabellaria, was 
found. Before the treatment of Boar’s Back Lake, dinoflagellates 
were abundant. These algae had not returned to the phytoplankton 
by August 10, 1938, but diatoms, particularly Asterionella and Tabel- 
laria were common in 1937, and increased in abundance in 1938. <A 
few desmids (Staurastrum, Xanthidium, Micrasterias, Euastrum) 
were also taken in the hauls during 1938. 


THE DISAPPEARANCE OF COPPER FROM LAKES 


In lakes with outlets, such as we have treated, the copper that re- 
mains in solution, or in suspension in combination with organic mat- 
ter, gradually disappears as a result of the natural run-off. The 
rapidity with which the copper compounds disappear in this fashion 
will naturally depend upon the season and the drainage. If the 
outflow is considerable while the treatment is being made, sufficient 
copper may flow into waters below to cause damage. This damage 
can be avoided, or reduced to a minimum, by treating when the waters 
are low and by damming the outlet to prevent immediate drainage. 

In hard waters the ionic copper is precipitated from solution quickly 
by bicarbonates. Considerable precipitated copper may accumulate 
in the bottom muds. In very alkaline waters, effective treatment 
with copper sulphate is difficult, even when high concentrations are 
used. In acid waters, as in the Nova Scotian lakes, comparatively lit- 
tle copper is removed from solution by the bicarbonates; the greatest 
reduction is due to the combination of the copper with various forms 
of organic matter. 

In Table 2 are shown analyses of the copper content in the waters 
of Lakes Jesse, Tedford, and Boar’s Back. These data demonstrate 
that considerable copper remained (suspended, colloidal, or soluble) 
in the acid waters of these lakes for some time, and that copper had 
accumulated to some degree in the bottom muds. (Some of the data 
for Lake Jesse have been recorded previously by Smith, 1935). 

The copper content of the water may be determined colorimetrically 
by the use of sodium diethyldithiocarbamate (Callan and Hender- 
son, 1929; Moseley, Rohmer and Moore, 1934). This reagent which 
is sensitive to 0.01 p.p.m. of copper, was used in the analysis of the 
copper content of Tedford and Boar’s Back waters, and for the Lake 
Jesse samples of June 9 and July 10, 1935, and May 9 and November 
5, 1936. The other determinations for Lake Jesse were made through 
the courtesy of Dr. G. S. Whiby at the National Research Labora- 
tories by the ferrocyanide colorimetric method. 

In the carbamate method of analyses, the samples were first digested 
with aqua regia to destroy the natural colouring substances that inter- 
fere with the reading. Thus it was impossible to ascertain in what 
combination the copper existed in the samples. There is evidence, 
shown by the growth of certain algae in stored samples and in the 
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TABLE 2. 


Date 


Aug. 3, 1934 


Aug. 


Aug. 


Aug. 10, 1934 
Aug. 24, 1934_- 
Sept. 15, 1934_. 
Ont. 


Mar. 20, 1935 
May 10, 1935 


June 9, 1935... 


July 10, 1935 


May 9, 1986 


Nov. 5, 


July 31, 1936 


Aug. 
Aug. 


Nov. 


May 


Sept. 24, 
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COPPER ANALYSES OF NOVA SCOTIAN LAKE WATERS 


Copper as p.p.m. 


Location 
Lake Jesse 


Initial dose 

Surface 

5.5 metres (bottom) 

Mixed samples from several 
points in the lake 

Surface 

5.5 metres (bottom) 

Surface at west shore 

Surface 

5.5 metres (bottom) 

Surface 


-Surface 
-Surface 
-Surface 


Dec. 6 1064... 


5 metres (bottom) 
Surface 


-Surface 


Surface 
4.5 metres (bottom) 
Surface 
5.5 metres (bottom) 


Surface 
5.5 metres (bottom) 
5.5 metres (bottom) 


.5.5 metres (bottom) 


Tedford Lake 


Initial dose 

Surface 

2 metres 

3.7 metres (bottom) 


Surface 

2 metres 

3.5 metres (bottom) 
Surface 

4.25 metres (bottom) 
4.25 metres (bottom) 
Bottom (among Juncus) 
Surface 

3 metres 

4.75 metres (bottom) 
Bottom (among Juncus) 


4.5 metres (bottom) 
Boar’s Back Lake 


_.Initial dose 


May 


Sept. 23, 1937 


1980... 


Surface (Station 1) 

2.5 metres (Station 1) 

5 metres (bottom, Station 1) 
Surface (Station 2) 

4 metres (Station 2) 

8 metres (bottom, Station 2) 
Surface (Station 1) 

4.5 metres (bottom, Station 1) 
Surface (Station 2) 

4 metres (Station 2) 

7.5 metres (Station 2) 

8 metres (bottom, Station 2) 
Surface at east shore 

5.5 metres (Station 1) 

5.75 metres (bottom, Station 1) 
Surface (Station 2) 

4 metres (Station 2) 

8 metres (bottom, Station 2) 

8 metres (bottom, Station 2) 


4.5 metres (bottom, Station 1) 


Surface (Station 2) 

4 metres (Station 2) 

8 metres (bottom, Station 2) 
Surface (Station 2) 

5 metres (Station 2) 

8.75 metres (Station 2) 


Fre 
CHO 


CR HOD 


CS 


o 


WOH 


ay 


DOW AID DW 


of CuSO, ' 5H.0 Remarks 


Calculated 


Clear 


Clear 


Clear 


Clear 


Approximately 2 
per cent mud 


Clear 
Approximately 10 


per cent mud 
Almost clear 


Calculated 


Clear 


Considerable mud 


Clear 
Considerable mud 
Considerable mud 


Clear 
Little mud 


Clear 


Calculated 


Little mud 


Considerable mud 
Little mud 

Clear 
Considerable mud 
Clear 

Little mud 


Clear 
Little 
Little 


Little 


Clear 


1The digest from this sample had a slight yellow colour which could not be dis- 
pelled; consequently the value is too high. 


— 
— 
Trace ( ) 
2, 1936 
| 
«1937 Surface 
3 metres 
Aug. 5, 1936 
Aug. 6, 1336... 
Aug. 10, 1936 __._.. 
Noy, 4, 
mud 
mud 
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lakes themselves, that after some days the copper was not in a simple 
ionic form but was in a non-toxic combination, for analysis demon- 
strated that the samples contained an amount of copper that would 
have been toxic as copper sulphate. 


METHOD OF APPLICATION OF COPPER SULPHATE 


The towing of the copper sulphate, contained in gunny sacks, from 
outriggers fastened to row boats seems to provide the best method of 
application. This method was used by Moore and Kellerman (1904), 
Smith (1924) and Catt (1934). In Trefry’s Lake, which has strati- 
fied waters, a quantity of copper sulphate, proportional to the volume 
of water, was distributed below the thermocline by weighting the bags. 

In Trefry’s Lake, 6,000 pounds of copper sulphate were distributed 
easily in the above manner in ten hours by five boats and ten men. A 
hand spray pump might be used advantageously in shallow water and 
other areas inaccessible to boats. 


Toxicity OF ROTENONE (DERRIS AND CUBE POWDERS) 


Fish—Rotenone, as contained in derris and ecubé roots, is toxic to 
fish in very low concentrations. This substance, with other less toxic 
constituents, occurs chiefly in the roots of a number of tropical le- 
gumes. Commercial derris is secured from Deguelia elliptica (East 
Indies) and cubé from Lonchocarpus nicou (South America). Al- 
though derris and cubé roots contain varying amounts of rotenone, 
commercial products are standardized at a certain rotenone content. 
The chief use for derris and cubé is as insecticides. 

In the following pages all results are expressed as so many parts of 
derris (or cubé) per million (p.p.m.). Unless otherwise specified, the 
concentrations are in terms of derris or cubé with a rotenone content 
of 5 per cent. 

In tropical districts where the plants containing rotenone are in- 
digenous, the natives have long used them to capture fish, but only 
recently has rotenone been used in fish-management practice for the 
destruction of undesirable fish. In Michigan, Eschmeyer (1937, 1938) 
used derris root powder (5 per cent) to kill fish in three small lakes. 
Dynamite was used in addition in two of the lakes to insure mixing. 
In South Twin Lake (4.3 acres; 12.7 metres maximum depth) about 
48 pounds of derris destroyed almost the entire yellow perch popu- 
lation. In Ford Lake (11.7 acres; 10 metres maximum depth; strati- 
fied) 200 pounds of derris killed a population of yellow perch, trout 
and minnows. In a third lake, Section Four (3.3 acres; 21.7 metres 
maximum depth; stratified), about 75 pounds of derris appeared to 
kill all yellow perch. 

Brook trout (Salvelinus fontinalis) were all killed in MeCormick 
Lake, Nova Scotia, by a treatment of derris in an estimated concen- 
tration of 1.33 p.p.m. (M’Gonigle and Smith, 1938). MeCormick 
Lake has an area of 6 acres and a maximum depth of 3 metres. Sec- 
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ond River, to which McCormick Lake is tributary, was also treated 
with the sdme grade of derris. Almost all trout and salmon parr in 
the stream were killed. As an additional test of the action of rote- 
none in nature, Bill’s Lake, New Brunswick, was treated on June 16, 
1938, with 0.25 p.p.m. of derris powder, and later, after the effects 
of the first treatment had disappeared, was treated again on September 
8, 1938, with an increased concentration of 1 p.p.m. of derris of the 
same rotenone content. Bill’s Lake has an area of 10.5 acres and a 
maximum depth of 3 metres. The pH value ranged from 6.2 to 6.8. 
On June 13, 1938, the temperature of the water was 20.5°C. at the 
surface and 13.7°C. at the bottom, and on September 7, 1938, these 
temperatures were 15.6 and 13.7°C., respectively. 

The weaker concentration employed in June killed eels, lake chubs 
(Couesius plumbeus), sticklebacks (Pungitius pungitius), white perch 
and smallmouth black bass (Micropterus dolomieu), the last two hav- 
ing been introduced into the lake just prior to the treatment. The 
dose of 1 p.p.m. of derris in September showed that some eels, chubs, 
and sticklebacks had survived the treatment with 0.25 p.p.m. In June, 
2,042 eels were counted from the lake, and in September, 204; 656 
chubs were counted in June, and 5 in September. 

In a number of controlled tests, Leonard (1939) found that the 
common shiner, golden shiner, bluegill, common sunfish, brook stickle- 
back, mud minnow, and goldfish were killed with 0.50 p.p.m. of der- 
ris (5 per cent) at 60°F., but that 0.25 p.p.m. of derris did not kill 
the common shiner and bluegill. The mud minnow and goldfish were 
the most resistant of the species tested. It is noteworthy that gold- 
fish died more rapidly in acid than in alkaline water. 

The toxicity of derris (3 per cent) to the common sucker (Catos- 
tomus commersonnii), lake chub, white perch and killifish was tested 
by the author at several concentrations. The fish were held in 20 
gallons of water (pH, ca. 7.0) in wooden tubs, and were introduced be- 
fore the derris, from fresh stock suspension, was added. Controls 
were maintained without mortalities. 

The results are given in Table 3. The sucker and chub experiments 
ran overnight, and, as a result, irregular observations permitted only 
records that the fish died in less than a certain time. A concentra- 
tion of 0.20 p.p.m killed fish, but apparently is a ‘‘borderline’’ con- 
centration since two suckers survived at approximately 10°C. Con- 
centrations of 1.00 and 0.50 p.p.m. were quite effective. 

Several samples of derris and cubé powders were tested on yearling 
brook trout (Salvelinus fontinalis) by Messrs. A. P. Hills and F. A. 
Tingley, District Supervisors of Fish Culture, under the direction of 
Dr. R. H. M’Gonigle, Fish Pathologist at the Atlantic Biological 
Station. The author thanks these investigators for the opportunity of 
recording here a summary of their results (Table 4). At 20°C. two ex- 
periments were conducted with sample No. 1 and three experiments 
with sample No. 3. The gaps in the table signify no experiment. 
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Derris 
Derris 
Derris 


Cubé 
Cubé 


Derris 
Derris 
Derris 
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TABLE 3. 


TABLE 4. 


Concentration of 
p.p.m. 


(Four fish 


Derris! _. 
Derris' 


in 


0.20 
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White perch (Morone americana) 
(Two fish in each concentration; temperature, 18.2° to 20.6°C. 


Killifish (Fundulus diaphanus) 
(Ten fish; temperature 18.9° to 23.0°C.) 


152 


95 


First dead 
(minutes) 


less than 549 
less than 545 


0.33 


206 


each concentration; 


less than 
less than 
less than 1,333 
less than 1,329 


0.50 


Temperature, 5°C. 


TOXICITY OF DERRIS (3 PER CENT ROTENONE) TO FISH 


Last dead 
(minutes) 


Common sucker (Catostomus commersonnii); 22.4 to 29.9 centimeters long. 
temperature 8.6° to 10.05°C.) 
393 
725 
less than 1,382 (no survivors) 
less than 1,383 (two survivors) 


Lake chub (Couesius plumbeus) 
(Pour fish in each concentration; temperature 7.5° to 12.0°C.) 


235 


303 
551 
549 


/ 
TOXICITY OF DERRIS AND CUBE TO YEARLING TROUT 


The concentration of rotenone was 3 per cent in samples 4 and 5, and 5 per cent 
in the remaining samples 


1.00 


1The derris (3 per cent) was used in the experiments with Samples 4 and 5 
in greater quantity than shown in p.p.m. 


produce as great a concentration of rotenone as that produced by derris with a 
rotenone content of 5 per cent. 


Equivalent amounts were taken to 


Average time for 
death (minutes) 


Time of death in minutes at concentrations in p.p.m. 
0.25 


2.00 3.00 5.50 11.00 


137 “85 
165 125 
168 125 
157 


T 
1.00 || 275 
0.50 
0.33 
0.20 
2.00 54 56 55 
1.00 81 84 83 
0.50 127 131 129 
0.33 163 Peg! 167 
0.25 211 218 215 
1.00 |_| 121 
308 307 193 165 
468 370 355 285 155 
Temperature, 20°C. 
60 45 50 40 30 
70 60 56 50 36 
79 54 34 34 23 
33 35 25 28 24 
pers 57 46 107 57 52 
40 155 50 40 28 
Derrie® 60 35 35 22 25 
| 77 54 32 24 23 
62 60 59 32 29 
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These tests are important as showing the effect of storage on the sam- 
ples, and the effect of temperature on the toxicity. 

The samples of derris and cubé powders, indicated in the table, had 
the following histories since purchased by us. The tests were made in 
November, 1938. 

Derris powder obtained from Derris, Inc., New York. Received 
in November, 1938, and used within a few days. 

. Derris powder obtained from Derris, Ine., New York. Received 
in August, 1937, and retained in glass jars in diffuse light. 
Same as number 2, but held at the Cobequid Fish Hatchery, 
Nova Scotia, in paper bags, and shipped to us in November, 
1938. 

Derris powder (3 per cent), obtained from the National Drug 
Co., St. John. Received in August, 1935, and retained in a 
paper bag in the dark. 

Derris powder (3 per cent), obtained from the National Drug 
Co., St. John. Received in the spring of 1937 and retained in 
glass jars in diffuse light. This sample was that used for the 
tests reported in Table 3. 

Cubé powder, obtained from Derris, Inc., New York. Received 
in the fall of 1937 and retained in a paper bag in the dark. 

7. Cubé powder, obtained from Derris, Inc., New York. Received 

in November, 1938, and used within a few days. 

As only a single fish was used for each test the results were rather 
variable. However, there is no clear evidence that the samples of 
derris and cubé powders had depreciated in their toxicity. With 
1.00 p.p.m. at 20°C., trout were killed by the various samples in an 
average time of thirty-six minutes—extremes of twenty-eight to fifty- 
four minutes. With 0.50 p.p.m. at 20°C., the average time was forty- 
nine minutes—extremes of thirty-two to seventy-seven. The older 
samples of derris, in three separate tests, gave periods varying from 
forty to seventy-seven minutes in a concentration of 0.50 p.p.m., and 
twenty-eight to fifty-four minutes with 1.00 p.p.m. Leonard (1939) 
found that derris powder lost approximately 43 per cent of its toxicity 
to-goldfish after storage for six months, exposed to air in subdued 
light. 

The results presented in Tables 3 and 4 show clearly that increased 
temperature greatly increases the toxic action. 

The low concentration of 0.20 p.p.m proved lethal to trout at 5° and 
20°C. Leonard (1939) found that 0.25 p.p.m. of derris (5 per cent) 
was not lethal to the common sunfish or bluegill at 15.5°C. Scheuring 
and Heuschman (reported by Leonard) killed trout with a concen- 
tration of 0.10 p.p.m. of derris, although it is suggested by Leonard 
that the derris had a greater rotenone content than 5 per cent. In 
summary, it is evident from the available data that various species 


of fish differ in greater or less degree in their resistance to the toxic 
action of rotenone. 
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Tests with Sample 3 of derris were extended by Hills and Tingley 
to include concentrations of 22, 44, 54, 73, 3, 110 and 220 p.p.m. The 
time required to kill trout in all these concentrations at 20°C., was 
approximately the same: 19, 13, 15, 13, 16 and 13 minutes, respective- 
ly. The solubility of rotenone in water is about 1 p.p.m. (Roark, 
1933) ; saturation is attained, therefore, by a concentration of 20 p.p.m. 
of derris containing 5 per cent rotenone. Thus, in the above tests the 
concentration of rotenone probably remained constant at 1 p.p.m. and 
the time of death was consequently the same. 

In certain experiments trout that had lost their equilibrium revived 
when placed in untreated water and appeared to regain their normal 
condition. To the contrary, Leonard (1939) observed that the com- 
mon sunfish did not recover from the toxic action of rotenone once the 
fish had lost its equilibrium. 


The varying resistance of different species of fish, the effect of 
chemical conditions of the water (as acidity), and the possible varia- 
tion in the rotenone content of derris and cubé samples due to aging, 
combine to create a need for more experimental work. The action of 
rotenone in nature especially should be studied. 

Aquatic invertebrates—The treatment of McCormick Lake with 1.33 
p.p.m. of derris killed the planktonic Crustacea. Comparative counts 
of the crustacean plankters, as determined from fifteen-minute hauls 
with a No. 18 plankton net, are presented in Table 5. The counts were 
made in the same fashion as for the Crustacea recorded in Table 1. 
Certain rotifers, Keratella cochlearis and Monostyla sp., survived the 
treatment, as did species of Hydracarina. Similarly the treatment 
of Bill’s Lake with 0.25 p.p.m. of derris on June 16, 1938, killed the 
planktonie Crustacea. These plankters were not found in the net 
hauls in McCormick Lake until the following spring, and in Bill’s 


TABLE 5. COMPARATIVE COUNTS OF PLANETONIC CRUSTACEA FROM 
McCORMICK LAKE, NOVA SCOTIA. (The plus signs indicate ave counts 


less than one. The first two counts were made prior to the treatment with derris.) 


Plankton organism 


Aug. 3, 1937 _ 135 119 115 5 + 1,623 55 2,055 
Aug. 6, 1937, a.m. 215 100 64 2 2 1,116 58 1,557 
Aug. 6, p.m 1 1 2 


Nov. 


5, 


L 

d 

Ww 

b 

e 

t 

( 

May 30, 1938 69 468 553 
July 26,1938 152 25 238 2 2 . .. 2 1,014 + 1,435 
Aug. 30, 1938 451 104 408 2 26 2°766 
168 365 2. 6S 1/920 
= 557.23 668 
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i weno 
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Lake they were not present by September 8, 1938. Diaptomus birgei 
died in all concentrations of derris (3 per cent) indicated in Table 3. 
Scheuring and Heuschmann (reported by Leonard) killed Daphnia 
with 0.50 p.p.m. of derris (5 per cent?). 

Quantitative samples of the larger bottom organisms were secured 
by an Ekman dredge from Bill’s Lake before and after the treatment 
with 0.25 p.p.m. of derris. The results (Table 6) show that this con- 
centration of derris has no apparent effect on this community of bot- 
tom organisms, with the possible exception of Hyalella knickerbockeri. 
The smaller number of organisms secured after the treatment seems 
due chiefly to a decrease in the numbers of this amphipod. Bottom 
organisms (caddis fly, mayfly and stone fly nymphs, ete.) in Second 
River, Nova Scotia, were apparently unaffected by concentrations of 
derris toxic to brook trout and salmon parr (M’Gonigle and Smith, 
1938). Hills and Tingley (unpublished experiments) found caddis 
fly larvae (Phryganeidae?) affected only after prolonged exposure 
(three days) to 0.50 and 1.00 p.p.m. of derris. 

Leonard (1939) found that aquatic insects (Argia sp., Acroneuria 
sp., adult Hemiptera, Limnephilidae, Tipula sp.), crayfish (Cambarus 
propinquus), amphipods (Hyalella knickerbockeri), and snails (Physa 
sp.) were unaffected by 1.00 p.p.m. of derris in ninety-six hours. Scheu- 


TABLE 6. COMPARATIVE COUNTS OF BOTTOM INVERTEBRATES FROM 
BILL’S LAKE, NEW BRUNSWICK ON DREDGE HAULS FROM TEN 


Totals for ten hauls of Ekman dredge. 
June 14-15, 1938, before June 23-24, 1938, after 


Bottom treatment with 0.25 treatment with 0.25 
organism p.p.m. of derris. p-p.m. of derris. 
122 152 
Sphaeriidae __.... 474 479 
Zygoptera 4 2 
Trichoptera -....... 39 46 
Chironomidae 47 23 
Corethra larvae -_... 52 45 
Corethra pupae 6 6 
Miscellaneous Insecta 5 3 
Hyalella knickerbockeri_. 136 82 
Hydracarina 1 1 
Oligochaeta —_.. 5 1 

8 5 
0 


ring and Heuschmann (reported by Leonard) killed Chironomus and 
Gammarus with 20 p.p.m. of derris. 

Rooted aquatic vegetation and algae—The treatment of McCormick 
and Bill’s Lake with derris showed that various groups of aquatic 
plants were unaffected by rotenone. No changes in the phytoplank- 
ton, as shown by qualitative samples taken before and after the treat- 
ments, were evident. The phytoplankton included certain flagellates, 
as Mallomonas, Synura, Dinobryon and Peridinium, which are desig- 
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nated by some as Mastigophora. Space does not permit further enumer- 
ation of the species encountered in the plankton hauls. 


THE DISAPPEARANCE OF ROTENONE (DERRIS AND CUBE) FROM LAKES 


Rotenone appears to lose its toxicity quite rapidly under certain 
conditions. Solutions of rotenone in organic solvents change colour 


upon exposure to air and sunlight (Jones and Holler, 1931). There. 


may be deposits of crystals containing decomposition products of 
rotenone which are innocuous to insects. Roark (1933), wrote: ‘‘Thin 
deposits of dry rotenone exposed to direct sunlight outdoors also 
change colour and lose their toxicity in the course of ten days or so. ... 
In diffused light the decomposition of rotenone is not detectable.’’ 
Leonard (1939) found that a solution of 1.00 p.p.m. of derris lost its 
toxicity to the common sunfish and bluegills between twenty-nine 
and forty hours, and that a stock suspension of 10,000 p.p.m. in a 
sealed container lost between 60 and 75 per cent of its toxicity in 
thirty-four days. Further, he found that a sample of derris powder 
lost 43 per cent of its toxicity to goldfish upon exposure to air and 
subdued light for six months. 

After the treatment of McCormick Lake with 1.33 p.p.m. of derris 
the water remained toxic to fish for about one month. Five days 
after treatment two salmon (Salmo salar) and two trout (Salvelinus 
fontinalis) fingerlings were killed in ten to eighteen minutes when con- 
fined to a wire cage in the lake. After eleven days, one trout finger- 
ling, one salmon fingerling, one dace (Rhinichthys atronasus) and one 
fallfish (Leucosomus corporalis) died under similar conditions. The 
trout died in twenty-six minutes, the salmon and dace in thirty-one 
minutes, and the fallfish in thirty-eight minutes. After thirty-five 
days, trout fingerlings lived in the McCormick Lake water for several 
hours, and it was presumed that the toxicity of the rotenone was 
fairly well dissipated by that time. 

Bill’s Lake, New Brunswick, was treated with 0.25 p.p.m. of derris 
on June 16, 1938. On September 7, 1938, killifish and lake chub 
lived indefinitely in water from the lake, indicating that the toxic 
action of the rotenone had disappeared. 

Apparently no chemical test sufficiently delicate to detect rotenone 
in the low concentrations employed to kill fish has been discovered, 
although biological tests can be made easily. When small containers 
are used in such tests, care must be exercised to maintain a proper 
oxygen content in the water, or unreliable results will be obtained. 


METHOD OF APRLICATION OF ROTENONE (DERRIS AND CUBE) 


In McCormick and Bill’s Lakes the derris was distributed by tow- 
ing the powder, contained in gunny sacks, behind row boats. Since 
the derris powder cakes from contact with water, it was necessary to 
knead it with the hand to insure a sufficiently rapid distribution. In 
the treatment of Second River—a stream 10 to 20 feet in width—- 
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mixing the powder in slow-flowing pools above riffles was found most 
satisfactory. Eschmeyer (1937, 1938) distributed derris by first mak- 
ing a suspension in water and pouring this mixture from a boat driven 
by motor. In certain lakes he used dynamite to facilitate mixing. 


SUMMARY 


1. Three p.p.m. of copper sulphate (CuSO4*5H2O) proved effec- 
tive in destroying fish in four Nova Scotian lakes containing acid 
waters. 

2. Copper sulphate in the above concentration destroyed almost 
all phyto- and zooplankters, as well as the bottom fauna. The rooted 
aquatic vegetation was, for the most part, unaffected. About a year 
elapsed before the plankton and aquatic insect larvae and nymphs re- 
turned in quantity. Mollusks have not repopulated the lakes. 

3. Apparently much of the copper is removed from solution in 
acid waters by combination with organic matter. Considerable copper 
remains in the lake waters for some time, but there is evidence that 
much is in a combined rather than in the toxic ionic form. 

4. Under experimental conditions derris and cubé powders con- 
taining 3 and 5 per cent rotenone killed yearling trout in a concentra- 
tion as low as 0.20 p.p.m. (all concentrations based on 5 per cent 
rotenone content) at 5° and 20°C. Derris containing 3 per cent 
rotenone killed suckers and lake chubs at 0.20 p.p.m. at approximately 
10°C., although survivals of suckers indicated that this concentration 
was the borderline for effective toxic action. 

5. In nature, 0.25 p.p.m. of derris containing 5 per cent rotenone 
killed eels, lake chubs, sticklebacks, black bass and white perch in a 
small lake with acid waters. A second treatment with 1 p.p.m. showed 
a small survival of eels, lake chubs and sticklebacks from the earlier 
treatment. Treatment of another small lake with 1.33 p.p.m. killed 
all brook trout. 

6. The retention of samples of derris and cubé powders up to three 
years in dry condition did not affect their toxicity to brook trout. 

7. Inereased temperature speeded greatly the action of rotenone as 
contained in derris and cubé powders. 

8. Brook trout that had lost their equilibrium in waters treated 
with derris and cubé revived when placed in untreated water. 

9. In nature, concentrations of rotenone, sufficient to kill fish, 
largely destroyed the planktonic Crustacea, and possibly affected 
amphipods (Hyalella). Insect larvae and nymphs, mollusks, hydra- 
carina, certain rotifers, algae and rooted aquatics were apparently un- 
affected under these conditions. Prolonged exposure to concentra- 
tions of 0.50 and 1.00 p.p.m. of derris (5 per cent rotenone) killed 
caddis larvae under experimental conditions. 

10. In a small lake treated with 1.33 p.p.m. of derris (5 per cent 
rotenone), the waters remained toxic to fish for approximately one 
month. 
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. ARTIFICIAL PROPAGATION AND THE MANAGEMENT OF 


TROUT WATERS 


H. 8. Davis 
U. 8. Bureau of Fisheries, Washington, D. C. 


ABSTRACT 


The effectiveness of artificial stocking as compared with natural propaga- 
tion is one of the most fundamental problems in fish management. Recent 
studies show that natural spawning is much more efficient than was formerly 
supposed, the hatch often comparing favorably with that at hatcheries. Good 
results from artificial stocking have been obtained in so-called barren waters 
-and with the use of large fish. Frequently, however, stocking has been a 
failure and whether it has been generally successful is still problematical. 
Results of some recent studies on the effects of stocking are summarized. It is 
believed that a major cause of the failure of stocking is the lack of complete 
correspondence between the ecological requirements of the fish and the en- 
vironment. The great need for further studies is stressed. 


INTRODUCTION 


One of the most fundamental problems in the management of trout 
waters is the effectiveness of artificial stocking as compared with nat- 
ural propagation. Until quite recently the problem was airily dis- 
missed by the fish-culturist with the assertion that under natural prop- 
agation only about 5 per cent of the eggs hatched while in the hatchery 
only 5 per cent failed to hatch. This statement, accepted without re- 
serve by the majority of anglers, led to the demand for more and 
more hatcheries and the one remedy for poor fishing was believed to 
be the planting of more and larger fish. 

In recent years, however, many anglers and conservationists have 
begun to realize that heavier stocking does not necessarily mean more 
fish for the angler and that in some situations, at least, the results have 
been quite the opposite. It is evident that artificial stocking is not a 
universal panacea for poor fishing and that the problem as to the ef- 
fects of stocking is much more complex than the older fish-culturists 
would have us believe. It is now apparent that only through carefully 
planned studies carried on systematically over a period of years can 
we hope to arrive at any sound conclusions as to the value of artificial 
stocking in maintaining the trout population. 

In my opinion a great mystery in the history of fish culture is the 
fact that for years practically no attempt was made to learn the re- 
sults of stocking and that even today, although a start has been made 
in this field, the personnel and funds available for this work are piti- 
fully small when compared with the large and constantly increasing 
amounts expended on fish hatcheries. In the hope that it will stimulate 
greater interest in this field I have attempted to summarize briefly the 
results of work already done so that we can appreciate better our pres- 
ent position and the crying need for further studies. 
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EFFICIENCY OF NATURAL PROPAGATION 


Before discussing the results of artificial stocking let us turn for a 
moment to some recent studies on the efficiency of natural propagation. 
The complacency of those who have assumed without question that 
artificial propagation is far superior to the natural process was shat- 
tered rudely by the investigations of Hobbs (1937) who found that in 
New Zealand streams the natural reproduction of salmon and trout is 
extremely efficient. In both brown and rainbow trout over 99 per 
cent of the eggs taken from the nests contained embryos. He found 
also that in the brown trout at least 97.5 per cent of the eggs lodged 
in the nests at the time of spawning. Furthermore, the hatch in brown 

- trout streams where the nests were undisturbed ranged from 95 to 97 
per cent. It is a very exceptional hatchery that can make as good a 
showing. 

There were, of course, exceptional losses in some instances, caused 
by floods, superimposition of eggs by later spawners, and other acci- 
dents, but these losses were usually not serious. 

It may be that conditions in the streams investigated by Hobbs were 
exceptionally favorable for spawning but, as a matter of fact, his re- 
sults do not disagree materially with those of less complete studies 
made in this country. White (1930), for instance, found that of 452 
eggs taken from a brook trout nest on Prince Edward Island 347, or 
77 per cent, hatched. The losses included eggs that died from injuries 
received when they were removed from the gravel. In another test, 
naturally fertilized eggs placed on a screen yielded a hatch of 66 
per cent. 


Samples of brook trout eggs collected by Hazzard (1932) from New 
York streams also showed a high percentage of fertilization. Twenty- 
one nests contained an average of 201 eyed eggs. The percentage of 
eggs containing embryos varied from 27 to 98.5 with an average of 
79.8. In all but one nest more than 69 per cent of the eggs were found 
to be alive. From these studies it must be apparent to all but the most 
prejudiced that the widely held belief in the inefficiency of natural 
spawning is largely unwarranted. Under suitable conditions the re- 
sults of natural spawning compare favorably with those obtained by 
the average hatchery. 

But if we grant that natural propagation is more efficient than was 
believed formerly it does not necessarily follow that nothing is gained 
through artificial propagation. The newly-hatched fish must lead a 
perilous existence until it reaches a catchable size and it may be that 
the protection and the abundance of food afforded by the hatchery will 
turn the balance in favor of artificial propagation. 


RESULTS OF ARTIFICIAL STOCKING OF STREAMS 


Unfortunately, we have little definite information on the propor- 
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tion of wild fry that reach maturity, but it is evidently quite small. 
We do know, however, that enough trout may survive to provide a 
goodly number of fish for the angler, even in heavily fished streams. 
On the other hand, when we examine critically the results of artificial 
stocking we find that here, too, there is remarkably little information 
available. 


For years fish-culturists have pointed with justifiable pride to the 
results achieved in stocking so-called barren waters. There can be no 
question of the success attained, but the stocking of waters that are 
rich in food and without a natural stock of fish is quite a different mat- 
ter from stocking streams and lakes that from time immemorial have 
been inhabited by trout and other fish. The evidence as to the results 


from stocking waters that already contain fish is far from conclusive - 


for in many instances artificial stocking has indubitably ended in 
utter failure. 

One of the few heavily stocked streams on which we have a com- 
plete record of the fish taken by anglers for several years in succession 
is Furnace Brook in Vermont. Here a record of the annual catch has 
been kept since 1935 (Lord, 1936). This stream contains both brook 
and rainbow trout but in recent years it has been stocked only with the 
former species. With the exception of 1934, the stream has been 
stocked with approximately 10,000 3-inch fingerlings each year since 
1933. In addition, from 2,400 to 5,200 yearlings were planted also in 
the stream from 1934 to 1937. In spite of the heavy stocking we find 
that the catch of brook trout has decreased gradually each year from a 
total of 5,649 fish in 1935 to 4,371 in 1936, and 4,007 in 1937. In 1938 
there was a sudden decrease to a total of only 1,768 fish taken during 
the season. 


During this time, however, the rainbow trout, which is entirely de- 
pendent on natural propagation, has held its own much better than 
the brook trout. In 1935 a total of 2,942 rainbow trout was taken by 
anglers. This species also showed a slight decrease to 2,624 in 1936 
and 2,378 in 1937, but in 1938, when there was a sharp decrease in the 
eatch of brook trout, there was an increase to 2,879 in the number of 
rainbow trout. On a percentage basis the picture is even more strik- 
ing since from 1935 to 1937 the proportion of rainbow trout in the 
total yield was quite constant, ranging from 34 to 37 per cent. In 
1938, however, there was a complete reversal in the relative numbers of 
brook and rainbow trout, the brook trout now forming only 38.3 per 
cent of the catch while the rainbow trout made up the remaining 61.7 
per cent. 


The marked decrease in the number of brook trout taken in 1938 
may have been due to an exceptionally severe flood during the preced- 
ing January but, if so, it indicates that the rainbow trout are better 
able to contend with flood conditions than are the brook trout. 

Big Spring Creek in Virginia is a small spring-fed stream that has 
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been operated as an experimental stream for several years. This 
stream is so exceptionally rich in food that 5-inch fingerling rainbow 
trout planted in July and August reach a length of 8 to 10 inches the 
following summer. According to Surber (1936), although the stream 
has been stocked heavily with marked fingerlings each year the per- 
centage of hatchery fish in the total catch was only 8.3 in 1933, 7.5 in 
1934, 6.0 in 1935 and 1.5 in 1936. It is interesting to note that an 
increase of 100 per cent in the stocking rate in 1935 was followed. by 
a marked decrease in the number of hatchery-reared fish caught the 
following year although the total number of fish taken was only slight- 
ly less than in previous years. 

St. Marys River, in the George Washington National Forest in Vir- 
ginia, also operated as a test stream by the Bureau of Fisheries, pre- 
sents quite different conditions. This river, which is representative of 
mountain streams in that region, is characterized by a limited food 
supply and is subject to great fluctuations in volume. St. Marys 
River was stocked by the Bureau with 3- to 5-inch fingerlings in 1935 
and again in 1936. Results during the fishing season of 1936 were so 
poor that it was decided to keep the stream closed to fishing during 
1937. However, samples of the trout population were taken by angling 
several times during the summer, the fish being returned to the stream 
after examination. In this way 492 fish were caught and examined, of 
which number 310 (including 115 marked fish) were brook trout and 
282 were rainbow trout (including 180 marked fish). Among the 
marked brook trout those planted in 1935 greatly predominated (in 
the ratio, 84:31), while among the rainbow trout the 1935 plant lagged 
behind that of 1936 (ratio of 21:159). 

During the fishing season of 1938 the total catch in the St. Marys 
River was 113 brook trout and 189 rainbow trout. Only thirteen (11.5 
per cent) of the brook trout were hatchery fish but eighty-one rainbow 
trout, or 48.8 per cent, had been planted in the stream. With both 
brook and rainbow trout the great majority of the hatchery fish caught 
had been planted in 1936. It is worthy of note that although the St. 
Marys is a comparatively small stream some of the rainbow trout had 
stayed in the experimental section from two to three years. It should 
also be noted that the stream was stocked in 1935 and 1936 with a 
total of 3,601 brook trout and 4,670 rainbow trout. With both species 
the heavier stocking was in 1935. No fish were planted in 1937. 

A notable example of the failure of artificial stocking to influence 
the catch is afforded by Squaw Creek in the Shasta National Forest, 
California. A check of anglers’ creels in this stream in the summer 
of 1937 (Needham, 1938) showed a total catch of 2,504 trout. Of this 
number 2,497 were rainbow trout and only 7 were brown trout. In the 
preceding years (1932 to 1936) the State planted in this stream ap- 
proximately 20,000 eastern brook trout, 134,000 rainbow trout and 
130,000 brown trout. 
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RESULTS OF ARTIFICIAL STOCKING OF LAKES 


Reports on the stocking of lakes appear, on the whole, to be more 
favorable than do those on the stocking of streams. I have referred 


previously to barren lakes hundreds of which have been stocked with 
notable success. 


One of the most interesting experiments is that reported by Dahl 
(1934). Very complete records have been kept since 1914 of the an- 
nual trout yield of a small Norwegian lake with an area of approxi- 
mately 149 acres. In these experiments the total catch for each year- 
class was recorded even though the fish were not all taken during the 
same year. The average catch of eight year-classes without stocking, 
or with the stocking with small fry through the ice, was 108 fish with 
an average aggregate weight of 119 pounds. Stocking with 4,000 fry 
through the ice about the middle of May failed to increase the catch 
of a year-class. Stocking with 4,000 to 7,000 small fingerlings later in 
the season resulted in a marked increase in the number of fish taken 
and also in the total weight. The average catch under these conditions 
was 207 fish with an average total weight of 264 pounds. Apparently 
100 fish out of about 5,700 fingerlings reached a sufficient size to be 
taken in the nets—a survival of less than 2 per cent. In this lake 
natural spawning was evidently reduced to a minimum since the stock 
of large trout was so depleted by intensive netting that very few were 
left to spawn. Nevertheless, the results indicate that even in a very 


intensively fished lake natural propagation may supply at least 50 per 
cent of the catch. 


A quite different picture is presented by Fish Lake in the Umpqua 
National Forest in Oregon. Nearly complete records of the catch in 
this lake in 1937 (Needham and Cliff, 1938) show a total catch of 
5,946 fish. Of this total 5,878 fish, or about 99 per cent, were rainbow 
trout and only 68 were eastern brook trout. According to stocking 
records for the three preceding years 20,000 cutthroat and 40,000 
eastern brook trout were planted in the lake, but no rainbow trout were 
planted until 1937. 


SURVIVAL OF TROUT OF VARIOUS SIZES AFTER PLANTING 


It is possible that the cases I have cited present too black a picture 
and that artificial stocking is more efficient than these results would 
indicate. Undoubtedly a great deal depends on the size of the fish 
when they are planted, although there is a great difference of opinion 
on this question. There can be no doubt that stocking with legal-sized 
trout to be caught within a short time has been very successful. In 
this way good fishing has been provided in waters where there had 
been little or none. The planting of large fish in intensively fished 
waters is increasing rapidly. Although rearing trout to a length of 8 
to 10 inches is expensive, it: is believed by many fish-culturists that it 
is the only method that can be relied upon to produce results. But 
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even with the use of large fish it would appear that more trout are lost 
than is usually realized. As a result of tagging 15,875 legal trout 
planted in Connecticut waters shortly before or during the fishing sea- 
son, Cobb (1933) estimated that not over 50 per cent of the fish planted 
were taken by anglers. 

When fish are planted in the fall or early winter the losses are much 
greater. Nesbit and Kitson (1937) found that in streams anglers took 
5.2 fish that had been planted in the spring for every single fish plant- 
ed in the fall. In ponds, however, the fish planted in the fall made a 
much better showing. The ratio in the catch was 1.9 spring-planted 
fish to each fish planted in the fall. Furnace Brook, previously men- 
tioned, also provides an excellent example of the futility of planting 
large trout in the fall. In the late summer of 1936, 5,200 vearling 
brook trout were planted in this stream. These fish were in excellent 
condition when planted and were well scattered along the stream, yet 
only 10 per cent appeared in the catch the following season. Again in 
the fall of 1937, 5,200 yearling trout were planted in Furnace Brook 
but the returns the following season were even more disappointing 
since less than 2 per cent of these fish were taken by anglers. Pre- 
liminary reports from experiments now under way in the Pisgah Na- 
tional Forest, North Carolina, indicate that even in this mild climate 
the odds are greatly in favor of fish planted in the spring. 

No one doubts that the mortality among fingerlings after planting 
is usually quite high, as indicated by Embody’s planting table, but we 
still do not know if the losses among hatchery fish when planted prop- 
erly are materially greater than among wild fish of the same size. The 
extensive experiments of White (1924, 1926, 1929) in Canadian 
streams indicate a mortality of 50 to 80 per cent during the first sum- 
mer. It is notable that in his later experiments he found the mortality 
to be much less with light than with heavy stocking. On the other 
hand, preliminary experiments by Needham on Convict Creek indi- 
cate that in this area hatchery fish of 2 inches and over in length have 
a high survival in natural waters during the first summer. It must be 
remembered, however, that these experiments cover only a period of 
about three months during the most favorable part of the year. 


GENERAL CONCLUSIONS 


Some of you no doubt have followed with interest the recent contro- 
versy in the Salmon and Trout Magazine on the ultimate results of 
stocking streams with hatchery fish. C. Stratton Gerrish (1935, 1936) 
maintained that many English streams contain two distinct types of 
trout : a fast-growing strain that is short-lived and a more slowly grow- 
ing strain that eventually reaches a much larger size and greater age. 
The fast-growing strain is believed to be composed of hatchery fish and 
since, according to Gerrish, they rarely spawn more than once, the ulti- 
mate result of artificial stocking is to lower the trout population in- 
stead of increasing it. Naturally, these conclusions have been criti- 
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eized severely by other workers, one of whom, Mottram (1936), con- 
ceded the presence of two strains of fish in artificially stocked streams 
but advanced quite another explanation which has interesting possi- 
bilities. Mottram contended that the strain of trout normally in- 
habiting streams is much different from the strain that has long been 
accustomed to life in lakes. Trout adapted to life in lakes are long 
and comparatively slender while the typical stream: fish is short and 
thick. The latter is built for maintaining itself easily in running 
water, the former for wandering about in still water. Mottram main- 
tained that the Loch Leven trout, which is a lake fish, has been used 
very largely in developing hatchery strains of brown trout and that 
consequently hatchery fish are ill adapted to life in streams. 

There is certainly food for thought in this theory of Dr. Mottram 
although it obviously cannot be accepted without further evidence in 
its favor. There is no doubt in my mind that in the future we must 
devote more attention to the adaptability of hatchery fish to the par- 
ticular environment in which they are placed. This principle has, of 
course, been recognized with regard to species but little attention has 
been paid to intraspecific differences. Yet there is much evidence that 
within each species of trout there are more or less distinct races or 
strains that are adapted to different conditions. These differences may 
not be evident to the taxonomist but they are present, nevertheless, as 
for example in the sea-run races of rainbow and brook trout. The rain- 
bow trout is usually considered the most migratory of the trout group 
and yet we are now finding that resident strains have become estab- 
lished in small streams in the East and I have no doubt that similar 
strains will be found in western waters. 

I believe that in the lack of complete adjustment between fish and 
environment lies the explanation of many of the failures of artificial 
stocking. Another frequent cause of failure is the lack of proper care 
in planting. Possibly some rational explanation can be advanced for 
the all too frequent practice of dumping a truckload of trout, which 
have been carefully tended in the hatchery, into a stream at any spot 
that happens to be most convenient, but I have failed to find it. It 
would seem that common sense should dictate that as much care and 
thought be devoted to the final disposal of trout as to rearing them. 

The most urgent need at the present time, however, is the compre- 
hensive studies on the life history, growth and survival of both wild 
and hatchery fish. If it is true, as claimed by some authorities, that 
trout reared in the hatchery are hopelessly handicapped when released 
in natural waters, and that we should plant small fingerlings or fry 
that have not been exposed for long to the demoralizing effects of 
hatchery life, the sooner we know it the better. If it is true, as main- 
tained by others, that our only salvation is to plant large trout, this 
fact also should be determined. If, on the other hand, the greatest pos- 
sibilities lie in promoting natural propagation this principle again 
should be established clearly. Much ean be said for all three methods 
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and doubtless each has its value under proper conditions. Only by ob- 
taining the facts can we hope to justify management as the one means 
of getting the most out of our trout waters. 
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Discussion 


Mr. H. H. MacKay: I should like to ask Dr. Davis if he found any competition 
for food as between the speckled trout and the rainbow trout, and if he noticed 


whether the rainbow trout were at all predatory in the streams to which he re- 
ferred. 


Dr. Davis: Undoubtedly they compete for food. Practically the only food in 
Furnace Brook consists of aquatic insects; there are no crustacea of any sort. But 
as to predation, I think the brook trout is more predatory for its size than is the 
rainbow trout. We have, however, no direct evidence bearing on that question. 
There is no actual evidence that the brook trout is being crowded out by the rain- 
bow. I think the evidence all tends to show that the rainbow trout are surviving 
simply because they are adapted to the particular conditions in that brook, which 
has always been considered one of the finest brook trout streams in New England. 


Mr. Guten C. LEAacH: Dr. Davis has presented a remarkable paper, but on the 
other hand I feel, and naturally so, that artificial propagation of trout is far 
superior to natural reproduction. I believe that frequently we have been none too 
eareful in distributing our artificially propagated fish, and that this carelessness 
has resulted in giving a ‘‘ black eye’’ to the work of propagation. So far as the 
Bureau of Fisheries is concerned, a number of years ago we delivered our fish to 
‘¢Tom, Dick and Harry,’’ who came to the railway stations and took them away. 
We had absolutely no knowledge as to where they were planting them. Under such 
conditions the artificial stocking of streams gained a bad reputation. On the 
other hand, I feel that Dr. Davis in his report here is more or less concentrating 
on certain streams that are not suitable for brook trout. If it were not for the 
work of the states and the Bureau of Fisheries there would not be any natural 
propagation; the fish would be caught out. I believe the states and the Bureau 
are getting results. 

In Colorado originally there were no brook trout. The species has been intro 
duced into that state. Rainbow trout were taken from native streams and intro- 
duced in the east. Loch Leven trout were brought from Europe and introduced 
into Montana waters and other waters in the West. It is my view that we owe 
much to the artificial propagation of fish. The states are now giving careful 
study to the question of artificial propagation and are taking the stand that they 
should distribute their own fish. They are making scientific investigations into 
the conditions affecting their streams before fish are introduced into them. They 
are preparing stocking programs. It is necessary that the states and the Federal 
Bureau of Fisheries take.more interest in the scientific study of streams and of 
stream management and especially in investigation to see whether or not streams 
are producing enough natural food to support the fish. 

It may be that in the eastern states where the population is crowded it will be 
necessary to introduce larger fish. That condition does not prevail so much in 
the West, where the streams are protected better and are not affected by agricul- 
tural activity. For a-time, at least, in the western section of the country I believe 
there will be a proper survival rate where the waters are stocked with smaller fish. 


Dr. Davis: I hope no one will get the impression from my paper that I was 
arguing against artificial propagation. I desired merely to point out that artifi- 
cial propagation has its faults. Undoubtedly in many cases the poor results 
which have followed artificial stocking can be explained easily and can be reme- 
died. The main purpose of my paper was to point out the necessity of getting 
the facts so that we can stock fish to the best advantage and get the best possible 
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results. I do not think there is any way in which that can be done without, as 
Mr. Leach has said, a careful scientific study of a large number of streams in 
various parts of the country. 


Mr. B. O. WEBSTER: I have been engaged in the artificial propagation of fish 
for many years, and naturally I was pleased to hear Mr. Leach’s remarks. Today 
Wisconsin is making very exhaustive studies and investigations with respect to 
all phases of fish propagation. These investigations have been carried on over the 
last two or three years. What I am about to say does not apply just to brook 
trout or to trout streams, but it will give you some general idea of the efficiency of 
natural reproduction. 

In the collection of wall-eyed pike eggs in the state of Wisconsin we discovered 
that female wall-eyed pike were depositing their eggs right along the shore near 
the hatchery. From the examination of these eggs after they had been spawned 
we found that a very large percentage of eggs had been fertilized. A certain por- 
tion of them was set off with a screen and a considerable number hatched out. 
After the hatching something happened to the fry, and it was absolutely impos- 
sible in that enclosure to find one single live wall-eyed pike from the large num- 
ber of fertilized eggs from natural spawning. 

In our investigations of muskellunge, our biologist informed me that he was 
discovering that an enormous percentage of eggs that were deposited naturally 
was becoming fertilized. I said to him: ‘‘That study will soon indicate that 
there is no occasion for our continuing the difficult process of the propagation of 
muskellunge.’’? He replied: ‘‘That does not follow.’’ Using the same methods 
he found the same results with these muskellunge that he had found with the 
wall-eyed pike, namely that very few of the fish survived after they had hatched 
out. Of course these observations are not conclusive so far as actual conditions 
are concerned, because the work has not gone far enough. 


Mr. C. M. BLAKE: It seems to me that the angler is a very poor source of re- 
liable data. It is difficult to obtain accurate records as to what the anglers do 
catch. The vast majority of them keep the larger fish and throw the little ones 
back, and there would be no record whatever of those smaller fish. 


Mr. GEORGE McCuovup: I notice that in most of the investigations with regard 
to hatchery trout and natural propagation in the streams the hatchery trout are 
planted in the stream in which the study of the natural propagation is being made. 
I should think that if a satisfactory check on natural propagation is to be had 
all hatchery trout should be kept out of those waters. I was wondering if any- 
body would suggest that in any such program the watersheds in question be not 
stocked with trout at all, in order that a true picture of the extent of natural re- 
production might be obtained. 


THE CHAIRMAN: I have the impression that that has been done, hasn’t it, Dr. 
Davis? 


Dr. Davis: No, not exactly in that way. In some of our experiments we sus- 
pend the stocking of the streams for two or three years, in order to compare the 
results in the same streams under artificial stocking and without artificial stocking. 


THE CHAIRMAN: In studying the results of stocking smallmouth black bass in 
our Ohio streams we also have some figures on results. We have tagged a great 
many individuals, and we find that although there might not be high recovery 
in a given area where the fish are stocked there has been an extensive down- 
stream migration. Many of the fish are recovered out of the territory in which 
they were placed. Did you ever find any evidence of migration out of the area 
in which the fish were placed, thus explaining your low percentage of recovery? 


Dr. Davis: The experimental section in Furnace Brook is shut off from the 
rest of the stream below by a dam and falls which are practically impassable. 
There is a great deal of fishing done in the stream below. Most of the fish 
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caught there are rainbow trout. Very few brook trout were taken below our 
experimental section, so that we could not explain the small number of brook 
trout taken there as due to the fact that they have gone downstream. 


In one stream in Virginia, the St. Mary’s River, we have good evidence that 
a great many of the rainbow trout go downstream. The records show that in the 
experimental section the percentage of hatchery fish caught is greater among 
the rainbow trout than it is among the brook trout, and yet we know that the 


rainbow trout are going downstream to a much greater extent than the brook 
trout. 


THE CHAIRMAN: Where you assume mortality, have you recovered the bodies 
of the fish? 


Dr. Davis: No, we are not assuming mortality. We say only that we do not 


know what happened; the fish are not there, that is all. We believe it was mor- 
tality. 


THE CHAIRMAN: In one of our Ohio streams where we were getting a very high 
percentage of returns we fenced off the area and actually found about a 52 per 
cent mortality. We found the dead fish. : 


Dr. Davis: Last fall we did find a number of stranded dead fish, but other- 


wise we have had no evidence of mortality. Of course that fact does not affect 
the records which I gave. 
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SCYPHIDIA MICROPTERI, A NEW PROTOZOAN PARASITE 
OF LARGEMOUTH AND SMALLMOUTH BLACK BASS! 


W. SuRBER 
U. 8S. Bureau of Fisheries, Leetown, West Virginia 


ABSTRACT 


A small urn-shaped peritrichous protozoan, apparently an undescribed 
species, was found on the gills and bodies of largemouth and smallmouth 
black bass in ponds at Leetown, West Virginia. A heavy mortality among 
a lot of fingerling largemouth bass probably resulted from suffocation due 
to the organisms on the gills. Specimens of the parasite, preserved in forma- 
lin, measured about 57 microns in length and 24 microns in maximum width. 
The base of the animal consists of a circular disc about 6 microns in diameter. 
No evidence was found that the sucker-like attachment dise penetrated the 
epidermal cells of the host causing necrotic tissue. The anterior or upper end 
of the animal has a ciliary disc and two rows of cilia. The body is without 
cilia and is annulated. The macronucleus is very large, has the shape of an 
inverted cone and occupies much of the lower half of the body. .The small 
micronucleus apparently lies in the slightly concave surface of the upper 
part of the macronucleus, although there is doubt on this point. This new 
species was named Scyphidia micropteri after Micropterus, the generic name 
of the smallmouth black bass, one of its hosts. The species recently was 
found by Dr. H. S. Davis on gills of largemouth black bass collected in Rad- 
nor Lake, Tennessee, which indicates a wide geographical distribution of the 
parasite. 


INTRODUCTION 


A report was received August 21, 1938, that a certain lot of finger- 
ling largemouth black bass, Huro salmoides, at the Leetown (West 
Virginia) Station had stopped eating. Large numbers of an unknown 
peritrichous protozoan were found attached to the gill filaments. There 
were also a few gyrodactylid worms and Cyclochaeta present, but the 
marked abundance of the peritrichous protozoa commanded special at- 
tention. Since the lot of bass was not large or valuable, it was decided 
to allow them to remain untreated in order to determine whether the 
unknown organisms could become abundant enough actually to kill the 
fish. On August 24, 1938, 1,053, or nearly the entire lot, died. The 
same pool contained large numbers of golden shiners, Notemigonus 
crysoleucas, but the Scyphidia found on the gills of the largemouth 
black bass were totally absent from the gills of the golden shiner. The 
shiners were more heavily infested with gyrodactylid worms than were 
the largemouth black bass. The species of Scyphidia described here 
was found on smallmouth, Micropterus dolomieu, and largemouth 
black bass in adjacent pools at Leetown, West Virginia. Dr. H. S. 
Davis found specimens of the same species on the gills of largemouth 
black bass collected on May 5, 1939, in Radnor Lake, Tennessee, 
which indicates that the species may be widely distributed. 


1Published by permission of the Commissioner of Fisheries. 
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IDENTIFICATION OF THE PARASITE 


The name, Scyphidia micropteri, is proposed for the species de- 
scribed in this paper, after the generic name of one of its hosts, the 
smallmouth black bass, Micropterus dolomieu Lacépéde. No evidence 
was found that the form had been described previously. I was of the 
opinion for some time that the species was Scyphidia amoebea de- 
scribed by Grenfell (1887). However, he stated that ‘‘in the majority 
of cases the animal is attached by pseudopodia. These may take the 
form of a single lobe or two simple lobes, and so on up to several highly 
complicated processes.’’ Grenfell also stated that the species divides 
by transverse fission, while I have observed three specimens dividing 
by longitudinal fission. The figures which he gave to illustrate his 
species do not resemble the species with which we are concerned, but 
Roux (1901) gave a careful figure which showed pseudopodia at the 
base, as well as a row of central cilia. Although a thin ridge, or band, 
thicker than others of the annulated body is sometimes present (pos- 
sibly always present but not discernible) just above the macronucleus, 
a band of central cilia has never been observed in the species found 
at Leetown. Not a single specimen has been observed with pseudo- 
podia at the base, or scopula, which was always disc-shaped. 


Kahl (1935, p. 667) placed Vorticella-like organisms, which do not 
possess a stalk even in the adult stage, in a new family, Scyphidiidae. 
The genus Glossatella is included in this new family, and under Glos- 
satella he placed those Seyphidiidae, like Scyphidia micropteri, which 
oceur on fish or amphibians and which have the nucleus in the lower 
part of the body. In the present paper, however, the newly described 
species has been referred to the genus Scyphidia since most protozoolo- 
gists include in the genus those solitary animaleules of the following de- 
seription: medium to large sized, form variable, cylindrical or urn- 
shaped ; highly contractile; adherent posteriorly to foreign bodies by 
means of a specially developed acetabuliform organ of attachment ; sur- 
face of the integument often transversely or obliquely furrowed ; body 
without cilia; oral end with a ciliary dise provided with two ciliary 
girdles running in a contra-clockwise spiral; margin of the peristome 
padded, rarely turned down; peristomial groove continued as a vesti- 
bule, with the cytostome at its end; position of contractile vacuole 
variable; macronucleus of variable form. 


With the exception of Kahl (1935), protozoologists in general con- 
sider the presence of an undulating membrane one of the principal 
characters of the genus Glossatella. 


In my observations of Scyphidia micropteri, I have been unable to 
detect necrotic tissue on the host in the vicinity of the points of attach- 
ment of the parasite. It seems probable that the organism merely finds 
the gills of black bass convenient for attaching itself and feeds pri- 
marily upon matter passed through the gill chambers during the respir- 
atory activities of the fish. The distribution of the parasite is not con- 
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Figure 1. Living, but partly contracted, Scyphidia micropteri on gills of large- 
mouth black bass. 


fined to the gill filaments, but it has been found distributed over the 
entire external surface of the fish, including the fins. It was found in 
the greatest abundance on the gill filaments. Figure 1 shows the para- 
sites on the tips of gill filaments where they are most readily observed. 
Some idea of the quantitative abundance of the parasite may be ob- 
tained from the following data for largemouth black bass that survived 
the heavy mortality described previously. A 65-millimeter largemouth 
bass had twenty-seven, twenty-six, and thirty-five specimens, respec- 
tively, on each of three filaments; another largemouth bass 73 milli- 
meters long had a total of 203 Scyphidia on the tips of forty filaments ; 
individual counts for fifteen single filaments of the same fish showed 
an average of twenty-eight Scyphidia per filament. The maximum 
number per filament was fifty-one, the minimum seventeen. 
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DESCRIPTION 


Like many species of the genus, Scyphidia micropteri is urn-shaped 
(Figure 2). The average length of twenty-six living specimens se- 
lected at random was 58.6 microns (1/433 inch) ; the maximum length 
was 72.9 microns, the minimum length 45.7 microns. The average 
maximum width of the same group was 22.2 microns. The entire 


Mouth 


Gullet Peristome 
Contractile 
Vacuole 
Food Vacuoles 
Macron uc/eus 


Scopula Tip of gill 


Figure 2. Scyphidia micropteri, n. sp., a protozoan parasitic on largemouth and 
smallmouth black bass. 


body from base to peristome is annulated. In some specimens, and 
possibly all, there exists a thin, barely discernible ridge thicker than 
other annulations around the body immediately above the macronu- 
cleus. No band of central cilia has been found in this form. The at- 
tachment organ is a circular disc, the scopula, which measures about 
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7.0 microns in diameter. Superficially, the attachment organ appears 
to be buried in the epidermal cells of the gills and body, but micro- 
scopic studies of sectioned gill material showed that the scopula merely 
was attached to the surfaces of the irregular epidermal cells of low ele- 
vation.” 

The inverted, cone-shaped macronucleus is very large and conspicu- 
ous even in unstained specimens, and it occupies the lower half of the 
body of the animal. The micronucleus appears rather definitely to be 
located in the slightly concave surface of the upper part of the mac- 
ronucleus. In twelve specimens of the twenty-six studied in detail, the 
average distance from the anterior end of the body to the nucleus was 
25.9 microns. Table 1 shows measurements in microns of eight large 
specimens preserved in formalin while Table 2 gives dimensions of 
twenty-six living organisms. 

The peristome, when expanded, is nearly as wide as the body at its 
maximum width. In only a few instances did the diameter of the peri- 
stome exceed the maximum width of the same animal. Within the 
peristome is a double row of cilia approximately 16 to 20 microns in 
length. During the normal feeding of the organism, the cilia rotate 
rhythmically in a counter-clockwise direction toward the mouth. 
Cilia that beat more rapidly than those of the peristome are found in- 
side of the rather long and deep gullet. S. micropteri, as well as other 
members of the genus, is highly contractile, and can be observed for 
only a brief time in an uncontracted condition unless the animal has 
been anesthetized with chloroform water, or some other anesthetic. 
Upon contracting, the peristome closes about the cilia, crowding them 
into the center of the anterior end of the body which assumes a conical 
form. When normal ciliary action ceases, the cilia sometimes group 
themselves into from eight to twelve clusters that resemble cirri. At 
times during contraction, the peristome disc assumes an almost pointed 
conical form. 

The contractile vacuole is located rather high up in the anterior end 
of the body near the gullet and measures about 5.8 microns in diameter. 
Recurrent discharges from the contractile vacuole were observed in 
one specimen at intervals of thirteen seconds. 

The body tapers gradually toward the scopula which has a width of 
about 7.0 microns. The terminal portions of the body and scopula are 
hidden among the irregular epidermal cells of the host. Immediately 
anterior to the scopula the body constricts rather abruptly to a very 
short stalk-like isthmus. S. micropteri is considered to be without a 
stalk because of the brevity of the isthmus and the fact that it is not 
ordinarily visible. It is probable that the isthmus is merely a part of 
the scopula which is a flat sucker-like disc. 


2The writer is indebted to Dr. H. S. Davis for furnishing sectioned gills in- 
fested with large numbers of Scyphidia micropteri. Observations on the scopula 
were made from this material. 
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TABLE 1. MEASUREMENTS, IN MICRONS, OF SCYPHIDIA MICROPTERI PRE- 
SERVED IN FORMALIN 
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TABLE 2. MEASUREMENTS, IN MICRONS, OF LIVING SCYPHIDIA MICROPTERI 
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Longitudinal fission is the only method of reproduction which has 
been observed. Only the late stages in the division of three indi- 
viduals into six new individuals were observed. In all instances, when 
first observed, the macronuclei were already largely divided and were 
connected by narrow isthmi of nuclear material. The rounded masses 
of nuclear material of the macronuclei were near the centers of the al- 
ready largely separated halves, and, at this stage, the cilia and other 
structural elements about the peristome were undifferentiated. In two 
of the three individuals, whose reproduction was studied, separation of 
the halves occurred rather quickly. Death of all of the resultant in- 
dividuals made further observation impossible. The parasite was ob- 
served over a considerable period, from August 21 to December 15, 
1938, when abundant material for observation was available. 

Two experimental lots of largemouth fingerlings treated August 
27, with 3 per cent salt solution and 1:500 glacial acetic acid, respec- 
tively, were nearly free of parasites on August 30, but some specimens 


of the parasite survived a single application of both methods of treat- 
ment. 
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PRELIMINARY OBSERVATIONS ON THE EGG-EATING 
HABITS OF THE ROSYSIDE SUCKER 


JAMES C. SIMPSON 
Wyoming Game and Fish Commission, Cheyenne 


It is a common belief among fishermen who fish Jackson Lake, Wyo- 
ming, that the lake-trout angling of this lake eventually will be ruined 
as the result of the egg-eating habits of the rosyside sucker, Catos- 
tomus fecundus Cope and Yarrow, which is abundant in the lake. Since 
no authentic information had been gathered previously which incrimi- 
nated the sucker as an egg eater, a field party from the Wyoming 
Game and Fish Department was instructed to gather such information 
as it could on the egg-eating habits of the rosyside sucker during the 
spawning season of the lake trout of Jackson Lake. The data on which 
this paper is based were obtained during the fall of 1938. 

The Wyoming fielc party worked in cooperation with a crew of 
U. S. Bureau of Fisheries spawn collectors who were engaged in an 


attempt to collect eggs from the lake trout, Cristivomer namaycush 
(Walbaum). 


Jackson Lake supports a variety of fishes, some of which may be 
considered as potential egg eaters. In addition to lake trout, the fol- 
lowing game fishes are present: Cutthroat trout, rainbow trout, brown 
trout, Montana grayling, and Rocky Mountain whitefish. The silver 
side minnow, dusky dace, Utah Lake chub, and blob represent the 


forage fishes, other than the rosyside sucker, which are found in the 
lake. 


Twenty-one suckers were collected from three lake trout spawning 
beds. The suckers were taken with gill nets at depths that ranged from 
6 to 20 feet. Nets were raised at two-hour intervals and the fish re- 
moved. Nine of the suckers were known definitely to have eaten lake 
trout eggs in numbers that ranged from 5 to 150, as was evidenced by 
the presence of whole eggs or egg shells in the stomachs. The presence 
of yellow pigment in the intestines of two other suckers indicated, but 
not conclusively, that they may also have eaten eggs. Trap-net sets 
on other shoals where lake trout were not caught and where there was 
no indication of lake trout spawning did not yield any suckers with 
eggs in their stomachs. Forty-five suckers taken in this manner showed 
no evidence of having eaten eggs. The shoal from which these suckers 
were taken differed from the spawning shoals of ‘the lake trout in one 
‘ respect only: it arose from deep water by long, sloping approaches 

rather than abruptly from the deep water as the spawning shoals did. 

The date, sex, standard length, weight, method, depth and place of 
capture were all recorded for each fish. No attempt was made to de- 
termine the kinds of food available for suckers in the lake, nor have 
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any investigations been made of the food eaten by the rosyside sucker 
other than trout eggs. Apparently the larger suckers preyed more 
extensively on the lake trout eggs than did the smaller suckers. A 
future project will include a study of the food of the lake trout of 
Jackson Lake. The young of the rosyside sucker has been reported by 
fishermen to be a common item of food for the lake trout but the ex- 
tent to which it is used is yet unknown. The value of the sucker as a 
forage fish must be balanced against its negative value as an egg preda- 
tor before definite steps should be taken toward its control. If it is 
found advisable to control the rosyside sucker, the necessary procedure 
will be greatly facilitated by the fact that the sucker runs by the 
thousands into the tributaries of Jackson Lake each spring in order to 
spawn. 

Catches of lake trout in Jackson Lake continue to be large even 
though the average size of the individuals becomes smaller each year. 
This smaller size seems to indicate that the lake is overfished. The 
supply of lake trout in Jackson Lake has been sustained almost en- 
tirely through natural reproduction. The number of fishermen is 
increasing each year. 


CoNCLUSIONS 


The stomachs of about 40 per cent of the rosyside suckers taken 
from lake trout spawning beds in Jackson Lake contained lake trout 
eggs. About 10 per cent were thought to have eaten eggs, and 50 per 
cent showed no traces of eggs in the stomachs. None of the suckers 
taken from shoals where lake trout were not spawning contained eggs 
in their stomachs. 
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QUANTITATIVE AND QUALITATIVE OBSERVATIONS ON 
FISH FOODS IN WADDELL CREEK LAGOON! 


P. R. NEEDHAM 


U. S. Bureau of Fisheries, Stanford University, California 


ABSTRACT 


Seasonal studies of bottom foods were made in Waddell Creek Lagoon in 
1932, 1933, and 1934. Quantitative samples were taken both with an Ekman 
dredge and a square-foot box. The numbers of organisms per square meter 
and pounds of food per acre are based on recaleulations of results obtained 
from the unit areas sampled. 

The most abundant bottom populations by weight were found in Mareh, 
and the least in November. Dominant animals were three crustaceans: two 
amphipods, Gammarus confervicolis and Corophium spinicorne, and one iso- 
pod, Exosphaeroma oregonensis. These are brackish water forms and almost 
completely replace typical fresh-water forms in the inter-tidal areas in Wad- 
dell Lagoon. Steelhead trout were found to eat large numbers of Gammarus, 
considerably less of Exosphaeroma, while no Corophium were found in the 
stomachs examined. A summary of results is given at the end of the paper. 


DESCRIPTION OF WADDELL CREEK 


The food studies herein reported were undertaken as a regular part 
of the program of the California Trout Investigations from 1932 to 
1934. Detailed studies of the life history and habits of coastal-stream 
steelhead trout and silver salmon had been conducted in Waddell 
Creek, Santa Cruz County, California, since 1932. General observa- 
tions suggested that lagoons of coastal streams served as good natural 
rearing ponds for young steelhead trout and silver salmon prior to 
their migrations into salt water. In fact, lagoons of coastal streams 
were considered to furnish such excellent nursery and feeding grounds 
for young trout and salmon that in 1932 the California Division of 
Fish and Game closed certain lagoons to angling in the summer months 
to afford greater protection to seaward migrants. More detailed obser- 
vations seemed desirable to determine the seasonal availability of 
each major lagoon food, the contribution of each food item by weight 
compared to numbers of individuals, and the contribution of the vari- 
ous organisms to the diet of trout.2_ A two-way fish counting weir was 
constructed across Waddell Creek in 1933 about 1.5 miles above its 
mouth and well above the upper limits of tidewater. The weir fur- 
nished the means of counting all upstream migrants and a proportion 
of downstream migrating salmon and trout. References made in this 


1published with permission of the Commissioner of Fisheries. 


*The help of Mr. Francis Sumner, Mr. Elden H. Vestal, and of Mr. Leo Sha- 
povalov in this work is gratefully acknowledged. Thanks are also given to the 
California Division of Fish and Game and to Emeritus Dean of Engineering, 
Professor Theodore Hoover of Stanford University, who supplied excellent field 
laboratory and living quarteis on Waddell Creek; to Stanford University for lab- 
oratory and library facilities furnished on the Stanford Campus. The help of 
W.P.A. Proiect No. 10,533 is also acknowledged. 
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paper to the movements of those fishes are based on observations made 


at this weir which was described by Taft (1934 and 1936). 


From its upper reaches in the Santa Cruz Mountains, Waddell Creek 
flows about 15 miles southwest into the Pacific Ocean at a point 22 
miles north of Santa Cruz, California. Like other coastal streams, 
Waddell Creek is subject to extreme seasonal fluctuations. In the dry 
season of early fall the flow may diminish to as low as 200 gallons per 
minute (0.45 cubic feet per second), while during the rainy season in 
late winter and early spring a flow of 224,400 gallons per minute (500 
eubie feet per second) is not unusual. The interaction of stream flow, 
ocean tides, and storms have produced a sandy beach, or bar, which 
extends for over 3,000 feet across the mouth of the creek where it 
enters the ocean. 

Lagoons offer a highly unstable environment for fish-food organ- 
isms. High tide, or waves during storms, may raise the height of the 
sand bar across the outlet, thereby increasing the depth and size of 
the lagoon by impounding more water. Conversely, floods often cut 
down the height of the bar at the ocean so that the normally quiet 
water of the lagoon is replaced by a swiftly flowing stream. Swift 
water does but little harm to lagoon populations in the wider, broader 
lagoon areas. In narrow places, however, washing occurs, and collec- 
tions taken in such places contained but few animals. 

The point of entrance of the water into the ocean often changes. 
The water usually enters the ocean at the south end of the bar. In a 
single season, depending upon conditions, it may break through the 
bar at several different points, each being closed in turn by wave or 
tidal action. Floods pouring into the lagoon from the stream above 
usually make the initial break in the bar. The mouth of the lagoon 
usually does not remain closed more than three or four weeks at a 
time. 

High tides may reverse the normal direction of flow. Thus, aquatic 
conditions in the lagoon will vary seasonally from pure fresh-water 
through typical brackish-water lagoon conditions, to nearly pure sea- 
water conditions. Lagoons contain rather amazing amounts of food 
when these hazardous life conditions are considered. 

The bottom of the lagoon is composed mostly of sand. Some gravel 
usually is present, as are scattered masses of vegetable and animal 
debris dropped out by flood waters. Superficially, lagoon bottoms have 
a barren appearance but this impression is soon dispelled by sampling. 


LAaGoon TEMPERATURES AND F‘AUNA 


Fifteen air-temperature readings taken in March and April, 1934, 
during the course of the bottom sampling operations averaged 57.2°F. 
Minimum and maximum temperatures were 45°F. to 61.5°F., respec- 
tively. Fifteen water-temperature readings, taken at the same time, 
average 57.5°F. and they ranged between 52°F. minimum and 61.2°F. 
maximum. On June 30, 1933, a temperature of 74.5°F. was recorded 
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in the stagnant, algae-filled, lower end of the lagoon during a period 
of low stream run-off and hot weather. Percolation of water through 
the sand bar, coupled with pumping water out for irrigation, often 
prevents any direct surface flow into the ocean. 

The number and species of fishes found in the lagoon depend upon 
water conditions and season. Both steelhead (Salmo gairdnerii) and 
silver salmon (Oncorhynchus kisutch) pass through the lagoon during 
their fall, winter, and spring migrations upstream to spawn. Later, 
adult steelhead and the young of both steelhead and silver salmon 
migrate downstream to the lagoon where they may remain for some 
time before entering the ocean. From counts of migrants made at the 
weir, it is known that some steelhead at least, return upstream with- 
out having gone into the ocean. This is one fact which makes closer in- 
vestigation of the food capacity of California coastal lagoons more de- 
sirable. Varying numbers of the common stickleback, (Gasterosteus 
aculeatus), gobies (Eucylogobius newberryi), seulpins (Cottus asper), 
and striped bass (Roccus lineatus) occur in the lagoon. The starry 
flounder (Platichthys stellatus), the smooth cabezone (Leptocottus 
armatus), and possibly a few others, are found among the transient 
flat fishes and cottoids present. Carl (1937) reported Gasterosteus acu- 
leatus, Cottus asper, and Platichthys stellatus from Lost Lagoon on 
Vancouver Island in similar brackish-water conditions. 

The dominant bottom food organisms found in the lagoon are two 
amphipods and one isopod crustacean: namely, Gammarus confervi- 
colis, Corophium spinicorne, and Exosphaeroma oregonensis, im- 
portant and abundant in the order named. Carl (op. cit.) reported 
that both Gammarus and Exosphaeroma were common, but 
that Corophium was scarce, in Lost Lagoon on Vancouver Island, B. C. 
Other organisms which are listed as miscellaneous in the tables, in- 
cluded ostracod and copepod crustaceans, insects (mainly midge lar- 
vae and pupae), hydrachnids, molluses, and oligochaetes. Ciliate pro- 
tozoans were identified which belonged to the genera Spirostomus, 
Euplotes, Pleuronema, Colpidium, Prorodon, and Oxytricha? 

No detailed study of the plankton of Waddell Lagoon was under- 
taken, but an occasional haul was made with a No. 20 bolting-silk net. 
Copepods, both adults and nauplii, usually were abundant. Plankton 
algae, with rotifers and protozoans, were also abundant particularly 
during the summer when the mouth of the lagoon was closed. The 
mysid, Neomysis mercedis, was the largest form taken in the plankton 
and was often seen darting about in the water. 


METHODS 


Most of the bottom samples were obtained with an Ekman dredge 
which takes samples from an area of 0.25 square foot. Some of the 
samples were taken with the galvanized, square-foot sampler devised 


8The writer is indebted to Dr. Laura Garnjobst, Instructor in Protozoology at 
Stanford University, for this information obtained July 20, 1937. 
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by Needham (1927). Wet weights of organisms were obtained after 
removing surplus moisture with blotting paper for one minute after 
the living organisms had been picked from trash taken with the 
samples. 

In order to obtain information on the consumption of food organ- 
isms by trout in the lagoon, 100 yearling steelhead were confined in a 
cage (dimensions: 3 by 3 by 4 feet) in the center of the lagoon. The 
size of the wire cloth used for the cage permitted bottom animals to 
enter but was small enough to prevent the escape of the trout. In 
addition, sand from the lagoon was dumped into the cage to provide 
the natural type of bottom. While it may be questionable whether or 
not trout so held could obtain a fair sample of lagoon foods, it is be- 
lieved that such procedure would give a fair idea of the food selectivity 
of the fish. Stomach examinations of the imprisoned fish made possible 
a comparison of foods actually eaten with those taken in the bottom 
samples. However, because the conditions were not natural, stomach 


examinations of wild trout from the lagoon might give somewhat dif- 
ferent results. 


SEASONAL AVAILABILITY’ oF LAGOON Foops 


A total of forty-three bottom samples, taken in six different months 
in Waddell Lagoon revealed significant variations in the seasonal abun- 
dance of foods (Table 1). The peak as to numbers of organisms oc- 


curred in the five samples taken in February which averaged 14,241 
organisms per square meter. Fourteen samples taken in May averaged 
only 8,177 organisms per square meter, the lowest average obtained. 
The average per square meter for the months during which bottom 
samples were taken was 10,049. This average is substantially higher 
than that (6,503) obtained for the same unit area in fresh-water 
riffles of Waddell Creek above the lagoon (Needham, 1934). 


TABLE 1. SEASONAL AVAILABILITY OF BOTTOM FOODS IN WADDELL 
CREEK LAGOON 


Average 
number of Wet weight Average 
Numberof organisms of food Pounds of number of 
samples per square grams per food per shrimp per 
Dates taken meter square foot acre square meter 


Nov. 29, 30, 1932 9 8,667 1.26 
Jan. 11, 12, 1933 3 13,762 3.69 
Feb. 20, 21, 1933 5 14,241 3.43 
Mar. 22, 23, 1934 7 10,587 4.54 
April 5, 1933, and 

April 4, 5, 6,1934 13 9,114 2.58 
May 15, 16, 1933 6 8,177 3.00 


Totals and averages 43 10,049 2.86 


‘The term “available” or ‘‘availability” is used here to mean potential, rather 
than actual, availability. An animal may be abundant as to numbers and its 
potential value as a food be high, but if trout cannot get them to eat because of 
its habits, or for other reasons, its actual availability as a food element may be 


very low. This is true of the tube-dwelling amphipod Corophium discussed in this 
paper. 
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In terms of pounds of food per acre, the highest poundage occurred 
in March which gave a calculated standing crop of 436 pounds per 
acre. The lowest occurred in November at 121 pounds per acre. The 
average for the months covered was 274 pounds per acre. This is 78 
pounds per acre higher than the average found in riffles of Waddell 
Creek above the lagoon as reported by Needham (op. cit.) which was 
196 pounds per acre, computed from seventy-six bottom samples 
taken in 1932 and 1933. 

In Table 1 it will be noted that there is apparent lack of correlation 
between numbers of organisms per square meter and pounds of food 
per acre. For example, the May series of samples gave a calculated 
average of 8,177 organisms per square meter and 288 pounds of food 
per acre, while the November series gave an estimated number of 
8,667 organisms per square meter and a computed standing crop of 
only 121 pounds per acre. The apparent lack of correlation can be 
explained by the differences in the body weights of the animals taken 
in each series of samples. Scuds or ‘‘shrimp’’ in the samples varied 
considerably in size. Sometimes mainly large, relatively heavy, full- 
grown specimens would be taken while other samples would contain 
mostly small, immature, recently hatched forms. The same was true 
of the other animals collected though to a lesser extent. 


WEIGHT COMPARED WITH NUMBERS OF Foop ORGANISMS 


The percentage contribution of each major lagoon organism both as 
to numbers and weight of foods is presented in Table 2. The data were 
obtained by weighing separately the three major elements, Gammarus, 
Corophium, and Exosphaeroma, in each of a series of eight bottom 
samples taken in March and April, 1934. 


TABLE 2. PRINCIPAL ORGANISMS BY WEIGHT AND NUMBER IN 
WADDELL LAGOON: 


Per cent Total Per cent 
Organism weight by weight 


Gammarus 
Corophium 
Exosphaeroma 
Miscellaneous 


Totals 


1Based on eight samples taken with an Ekman Dredge March 23 and April 4-6, 
1934, computed on 1 square foot. 


Seuds, Gammarus, contributed the most common single food item 
and the amphipod, Corophium, formed the second most abundant food. 
However, as shown in Table 4, no Corophium are eaten by trout, prob- 
ably because of their secretive habits which make them difficult for 
the trout to find. Ezosphaeroma which contributed only about 6 per 
cent of the total foods as to number, and over 10 per cent by weight, 
was second in importance as food of the trout. 


4,492 59.2 7.328 40.0 
2,480 32.7 6.372 34.7 
440 5.8 1.981 10.8 
176 2.3 2.660 14.5 
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In Table 1 it will be noted that two series of samples taken in April 
in 1933 and 1934 were combined into one category. This seemed de- 
sirable since both series were taken at about the same time of the year. 
The natural variation in abundance of foods found in the same month 
in two different years is presented in Table 3. 

The April, 1933, series gave the higher calculated value of 313 
pounds of food per acre, while the 1934 series gave an estimate of only 
191 pounds per acre. With reference to both total number of organ- 
isms and numbers calculated per square meter, the 1934 samples were 
higher in spite of the fact that the calculated pounds of food per acre 
was 122 pounds less than in the 1933 samples. Here again the apparent 


TABLE 3. FOODS FOUND IN TWO SERIES OF SAMPLES TAKEN IN APRIL, 
1933 AND 1934! 


April 5, 1933 


4, 5, 6, 1934 
Organism ber Per cent Per cent 


Gammarus confervicolis 
Corophium spinicorne 
Exosphaeroma oregonensis 
Miscellaneous 


Totals 


, iData computed from Ekman dredge samples (0.25 square foot) to 1 square 
oot. 


lack of correlation between numbers and weight was due to the fact 
that organisms taken in the 1934 series, while more abundant, were 
smaller and more immature forms. Further evidence is shown by 
the fact that a total of 6,344 animals taken in the seven 1934 samples 
averaged only 1.99 grams per square foot whereas the 1933 series pro- 


duced a total of 4,668 animals at an average weight of 3.26 grams per 
square foot. 


Foops AVAILABLE COMPARED TO Foops EATEN By TROUT 


In order to compare available foods with those consumed by trout, 
all organisms collected were tabulated with the foods found in the 
stomachs of fourteen yearling steelhead trout retained in the experi- 
mental cage in the lagoon (Table 4). 


TABLE 4. COMPARISON OF AVAILABLE WITH CONSUMED FOODS IN 
WADDELL CREEK LAGOON 


Available foods' Consumed foods? 
Organism Number Per cent Number Per cent 


Gammarus confervicolis 21,872 45 122 
Corophium spinicorne 14,151 0 
Exosphaeroma oregonensis 1,955 5 
Miscellaneous 2,187 3 


Totals 40,165 130 


. nag yg on numbers taken in forty-three lagoon bottom samples listed in 
‘able 1. 

2Based on stomach examinations of fourteen yearling steelhead trout held in a 
cage in the middle of the lagoon. The average size of those examined was 3.4 
inches and they ranged between 2.8 and 4.7 inches. Those examined for stomach 
contents were taken between March 1 and March 10, 1933. 


d 
e 
8 
ll 
1S 
aS 
n 
d 
d 
e 
n 2,336 50.0 4,004 63.1 
d 1,880 40.3 1,844 29.0 
372 7.9 408 6.4 
l- 80 1.7 88 1.4 
4,668 6,344 
e 
e 
1 
93.84 
1 0.00 
3.84 
2°31 


184 American Fisheries Society 


The scud, G. confervicolis, was of prime importance both as to its 
availability as a food and its actual consumption by trout. This animal 
formed over 54 per cent of the available lagoon foods and over 93 
per cent of the foods eaten by the trout. Its non-secretive, scavenging 
habits, freedom of movement over the bottom, and adaptability to the 
widely fluctuating lagoon conditions, serve in part to explain its 
dominant position among lagoon organisms. 

The amphipod, C. spinicorne, in contrast to G. confervicolis, has 
much more secretive and restricted habits since it lives mainly in tubes 
in the bottom sand. While Corophium formed over 35 per cent of the 
available lagoon foods not a single specimen was found in the stomachs 
examined. Bradley (1908) showed that a closely related species, C. 
salmonis, was consumed in considerable quantities by young sockeye, 
silver, and king salmon taken by the U. S. Bureau of Fisheries investi- 
gators at Karluk Beach and in the estuary of Karluk River in Alaska. 
The fish ranged from 71 to 145 millimeters in length. The type speci- 
men of C. salmonis was taken from the stomach of a salmon caught in 
Puget Sound. Shapovalov (1936) reported on foods eaten by forty- 
seven striped bass (Roccus lineatus), netted from Waddell Creek La- 
goon in April, 1935, and showed that twenty-four of the smaller bass 
had eaten Gammarus, seven had consumed Corophium, and five had 
eaten the isopod, Exosphaeroma. The fish ranged between 20 and 49 
centimeters in length. 

The isopod, EL. oregonensis, in contrast to the scud, Gammarus, was 
relatively scarce in the bottom samples. It formed only about 5 per 
cent of the total available foods and less than 3 per cent of the foods 
eaten by the trout. 

The miscellaneous foods listed in Table 4 comprised approximately 
5 per cent of the foods available to fishes in the lagoon and made up 
about 3 per cent of those consumed by trout.® 

It is of interest to note that the tube-dweller, Corophium, is not 
restricted to the bottom areas covered with water. One can often see 
the tiny tubes protruding from the sand by the hundreds along the 
damp, sandy shore of the lagoon close to the edge of the water. A 
square-foot sample was taken at such a place some 14 inches from the 
edge of the water, and 332 live Corophium were found that had a 
wet weight of 0.59 gram. Evidently these animals are well adapted to 
fluctuating lagoon levels. 


Foops oF Upper TIDEWATER LIMITS 
The limit of the upper end of the lagoon naturally varies with the 


5The yearling steelhead trout held in the experimental cage in the lagoon grew 
a total of 0.93 inches in ninety-one days between February 28 and May 30, 1933. 
When transferred to the cage from the hatchery the fish were quite dark in color. 
A little over a month later some had turned definitely silvery in color, while 
others showed a bright pink stripe on their sides, characteristic of rainbow trout. 
All were fat and in splendid condition. The fish were subject to all the vicissi- 
tudes of high tides, floods, and changing salinities in the cage during the period 
they were confined. 


he 

ba 

to 

lin 

al 

J 
| 
| 


Fish Foods in Waddell Creek Lagoon 185 


height of water in the lagoon. When the mouth is closed by the sand 
bar, water is impounded and the level may rise as much as 3 feet. Bot- 
tom samples taken seasonally from a single station near the upper 
limits of brackish water show interesting fluctuations both as to 
amounts and kinds of foods obtained from time to time. 

On January 11, 1933, when the first sample was taken (Table 5), 


TABLE 5. KINDS AND AMOUNTS OF FOOD 225 THE SAME AREA OF 
WADDELL CREEK IN THE UPPER [as R LIMITS AT DIFFERENT 


Number of organisms per square foot 
Brackish water Fresh-water 
Weight of organisms insect larvae 
animals per Scuds Isopods 2nd nymphs 
Date square foot (Gammarus) (Exosphaeroma) 


January 11, 1933. 

Lagoon conditions 

brackish-water 7.01 1,827 
February 16, 1933. 

Fresh- ‘water conditions 0.62 28 
April 3, 3. 

Fresh- water conditions 0.38 3 
May 16, 1933. 

Fresh- conditions 2.69 8 


1Based on data from bottom samples taken in same riffle area 300 yards above 
the second road bridge over Waddell Creek. 


the water was high in the lagoon and brackish-water conditions pre- 
vailed. There was practically no current on the riffle where the sam- 
ple was obtained. The dominant animals collected were 1,827 scuds, 
Gammarus, and 147 isopods, along with only two fresh-water forms, 
and only a single specimen of C. spinicorne. About a month later, on 
February 16, the lagoon had opened and the previously quiet water 
over the riffle was replaced by shallow, swift water. Then the number 
of Gammarus found was only twenty-eight, no Exosphaeroma or Coro- 
phium were taken, and the number of fresh-water forms had in- 
creased to 144, most of which were mayfly nymphs and the aquatic 
Diptera larvae, Simulium. 

In subsequent samples taken on April 3 and May 16 the numbers 
of Gammarus collected remained between three and eight specimens 
only ; Exosphaeroma increased to a total of eighty (May 16) and the 
number of typical fresh-water forms increased greatly. Strictly fresh- 
water conditions prevailed when the samples of February 16, April 3, 
and May 16 were taken. It is evident, then, that both E. oregonensis 
and G. confervicolis can stand pure fresh water for a considerable 
period. As shown in Table 5, G. confervicolis, by reason of the rapid 
decline in numbers found following intrusion of fresh water over 
the riffle, is less adaptable than E. oregonensis in this regard. Num- 
bers of the latter actually increased following fresh-water conditions. 
Carl (1937) noted that both E. oregonensis and G. confervicolis are 
found occasionally in fresh water. 
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SUMMARY 


1. A quantitative study of bottom foods in Waddell Creek Lagoon 
gave a calculated average annual standing crop of 274 pounds per acre 
based on six seasonal series of samples. 

2. Samples taken in March gave the highest calculated poundage 
per acre (436), while those collected in November gave the lowest (121 
pounds per acre). 

3. Crustaceans were the dominant food organisms. These were Gam- 
marus confervicolis, Corophium spinicorne, and Exosphaeroma orego- 
nensis. This order of priority also existed with regard to the contribu- 
tion of each by weight, as well as by numbers to lagoon populations. 

4. High numbers of organisms per square meter was not necessarily 
correlated with high poundage per acre. 

5. Yearly variation in amounts of food found in the same month was 
indicated by comparison of two series of samples taken in April, 1933, 
and April, 1934. 

6. G. confervicolis formed over 93 per cent, by number, of the food 
of steelhead trout ; E. oregonensis, about 4 per cent; while no C. spini- 
corne whatsoever were found in the stomachs examined. Miscellaneous 
items made up about 3 per cent. 

7. The brackish-water animals, G. confervicolis and E. oregonensis 
ean stand pure fresh water, but the latter form apparently is more 
adaptable than the former in this regard. 
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THE PRODUCTION OF RAINBOW TROUT AT PAUL LAKE, 
BRITISH COLUMBIA 


C. McC. 
Cornell University, Ithaca, New York 


ABSTRACT 


Three of the major problems connected with rainbow trout production and 
management were studied at Paul Lake, British Columbia: (1) what quantity 
of fish can be produced in a given body of water, (2) how big a crop can be 
removed and still allow a sustained yield, (3) how great a financial expendi- 
ture to increase production may be justified. The investigation covered a 
period from 1931 through 1936 in which a consistent stocking policy requir- 
ing the planting of 200,000 one-inch fry was carried out. The data show that 
the lake was capable of producing about 10 pounds of trout per acre and that 
this amount is being maintained under the policy outlined. The mortality 
amounted to about 95 per cent, providing a 5 per cent yield to the fishermen. 
The cost of the stocking operations was judged to be commensurate with the 
return to the people of the Kamloops District. It is suggested that intensive 
management of this type should be instituted only after adequate surveys 
have been made of individual bodies of water. 


In 1931 the writer began a study of the rainbow trout population 
in Paul Lake near Kamloops, British Columbia, primarily for the pur- 
pose of developing a satisfactory management policy for the lake, and 
secondarily to obtain data on three production problems: (1) what 
quantity of fish ean be produced in suitable water; (2) what quantity 
of fish can be removed from year to year as a crop and still allow a 
sustained yield; and (3) how great a financial expenditure to in- 
erease production may be justified. The findings of the preliminary 
study made in 1931 have been published (Mottley, 1932). Subsequent 
papers (Rawson, 1934; Mottley, 1937a, 1937b, 1938; Mottley and Mott- 
ley, 1932) dealt with various phases of the investigation. Yearly sum- 
mary reports of the findings have been issued by the Fisheries Re. 
search Board of Canada (Annual Report, Biological Board of Canada, 
1931 to 1936) but no attempt has been made to bring the production 
data together. It seemed advisable to consolidate the data because of 
the wide interest being shown in matters related to fisheries man- 
agement. 


Paul Lake was selected for the study because it possessed certain 
natural advantages for a scientific investigation. It is situated in the 
‘‘dry-belt’’ of the hinterland of the Pacific slope and is typical of 
hundreds of lakes in the interior of British Columbia and the States 
of the Northwest. The lake is about 314 miles long and 144 mile wide; 
its surface covers 1,000 acres and it has an average depth of 100 feet. 
The outlet is screened to prevent the fish from getting into irrigation 
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ditches, and there is only one important tributary entering the lake 
into which the fish migrate during the spring for spawning. 

The lake originally contained no fish of any kind owing to the pres- 
ence of high falls below the outlet which prevented natural immigra- 
tion. It was richly supplied, however, with organisms such as Gam- 
marus, Hyalella, Physa, Limnaea, leeches and aquatic insects upon 
which the trout could feed. The Dominion Department of Fisheries 
stocked the lake in 1909 with rainbow trout obtained from a natural 
population in Adams Lake nearby. This trout was described by Jor- 
dan as Salmo kamloops, a name that has been reduced to synonymy 
with Salmo gairdnerii through studies of the taxonomic characters on 
which the separation was based (Mottley 1934, 1936a, 1936b). From 
the original planting, recorded as 5,000 free-swimming fry, the stock 
grew and multiplied to such an extent that the Fisheries Department 
was able to establish an egg-collecting station and a hatchery in the 
vicinity in 1922. The eggs and fry of this popular variety of trout were 
used to stock other bodies of water. Meanwhile a fishing lodge was 
built, a good motor road was opened up, and people came from the 
surrounding district and all parts of the world to enjoy the excellent 
fishing. Owing to the heavy drain caused by the sportsmen and the 
great demand for the eggs, depletion began to appear. The decline 
became serious in 1930 after two extremely dry years had reduced 
the flow of water in the tributary stream and thereby curtailed the 
natural production of fry. The six points that provide evidence of 
depletion were described in the preliminary paper (Mottley, 1932). 

Up to the time the study was started no one had determined how 
many fish should be planted in a lake, particularly one where hatchery 
operations were being carried on, together with a heavy drain by the 
sportsmen. One of the first problems, therefore, was to lay down a 
consistent stocking policy. Embody (1927) outlined a stocking policy 
for streams and his method was drawn upon in determining the size 
of the planting to be made in Paul Lake. The biological survey (Raw- 
son, 1934) showed that the shore zone was rich in food organisms, and 
it was assumed that the potential feeding ground around the lake was 
equal to the best grade of stream about thirty feet wide. The total 
distance, 7 miles, was then used to compute a total planting of 200,000 
one-inch fry. The fish were planted around the shore of the lake as 
the fry reached the free-swimming stage. It was decided to continue 
this planting annually for several years and to make studies of the 
catch and the spawning escapement to determine the results of the 
plantings. 

The total number of fish caught, the average weight, the total weight 
computed from this average, the number of boat-days, the average 
number of fish caught per boat-day, and the number of fish in the 
spawning run are shown in Table 1. The method of arriving at the 
estimates is set forth in the various summary reports in the Annual 
Report of the Biological Board of Canada. 
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The table shows that the total number of fish caught by the anglers 
increased gradually under the stocking policy which was adopted ; the 
total weight likewise increased but, although the number caught was 
trebled, the weight was only doubled. An important feature is the de- 
crease in average weight from 1.5 pounds to approximately 1 pound. 


TABLE 1. PRODUCTION DATA FOR A FIVE-YEAR PERIOD AT 
PAUL LAKE, BRITISH COLUMBIA 


(pounds) 


of fish caught 
ge 

of fish caught 

(pounds) 

Number of 

boat-days 


weigh 
Average number of 


Potal number 
fish per boat-day 
Number of fish 
in spawning run 
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The fishing effort is measured by the number of boat-days, which 
represents to a certain extent the attractiveness of the fishery and at 
the same time reflects the economic return to those people who cater to 
the anglers. The total number of boat-days increased in 1933, corre- 
lated with the increase in the total number of fish caught. The general 
condition of a fishery can be measured by the yield per unit of fishing 
effort and this is shown as the average number of fish per boat-day. 
There is a very close correspondence between the yield per unit of 
effort and the total number caught. The number of fish in the spawn- 
ing run likewise increased under the stocking policy; the number at 
the end of the five-year period was five times as great as at the start. 

Reports from the fishery for 1937 and 1938 indicate that the total 
catch is remaining at a fairly steady level of between 9,000 and 10,000 
fish per year. 

If the foregoing data are representative, and it seems likely that 
they are, then it is possible to give a definite answer to the major prob- 
lems stated above. The average crop for Paul Lake is approximately 
10 pounds per acre and this figure may be taken as a measure of the 
lake’s productivity. As long as an annual planting of 200,000 fry is 
made the lake probably will continue to produce this amount unless 
there is some cyclic fluctuation in the food supply or the factors affect- 
ing the mortality of the trout. The mortality of the trout arises from 
two sources: sport fishing and ‘‘natural causes.’’ Out of the total 
planting only about 5 per cent reached the fishermen’s creels. This 
survival rate checks rather closely with that on which Embody’s 
(1927) stocking policy was based. Studies showed that the greatest 
part of the mortality occurred in the first year and was due chiefly to 


1932 
1933 
1934 
1935 2,300 
1936 2,500 
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the yearlings eating the fry and fingerlings. However, the success of 
the whole program depends on the fact that cannibalism controls, to a 
certain extent, the number of fish that reach legal size. If too many 
survive there is a distinct danger of depleting the food supply. 

The data also provide information on the question of how big a 
crop can be removed without interfering with the breeding stock. 
Seale studies, as yet unreported, showed that the male Kamloop trout 
mature for the first time at from one to six years, the majority at three 
years of age; the females mature for the first time at from two to six 
years, the majority at three or four years of age. It is evident that 
while the fishermen are thinning out the stock they may also catch 
a large number of maturing and mature fish, but where production is 
controlled this is really not a very serious matter. It so happens that 
the ratio between the total number of fish caught at Paul Lake and 
the number that escaped to spawn each year averaged about 5:1. This 
ratio undoubtedly depends on such things as the intensity of the fish- 
ing, the depth of the lake and the nature of the food supply, and it 
would be expected, therefore, to fluctuate from year to year and from 
one body of water to another. 

The average number of fish in the spawning run was about 1,500. 
Owing to the fact that a large number of males matured at two years 
of age, there were a few more males than females in the run; the aver- 
age was about 600 females. The mature females carried about 2,500 
eggs, or roughly 1,000 eggs per pound, but all of the eggs were not 
collectible owing to certain technical difficulties in ripening and strip- 
ping the fish; a collection of one million eggs was an average yield 
from the run. If 200,000 fry are required to keep up the stock there 
remains a clear gain of at least 700,000 fry after making due allow- 
ances for normal mortality in the hatchery: This surplus ean be used 
to build up depleted stocks elsewhere. A preliminary study has shown 
that if the seeding were left entirely to nature it might require prac- 
tically all of the fry produced by the run to keep up the stock. 

In this type of lake where a definite annual seeding is always as- 
sured, very heavy fishing can be allowed. The breeding stock could 
be cut down to four or five hundred head without endangering the 
future supply of young. The chief danger lies in the possibility that 
there will not be enough fishing to thin out the stock sufficiently to 
protect the food supply. The key to the maintenance of a high aver- 
age size is the rate at which the fish are thinned out by the anglers. 

The third question is the one often asked by the tax-payer: is the 
cost of this management justified? The answer is apparently in the 
affirmative. Kamloops trout fry are worth about $3.00 per thousand 
and the Paul Lake planting cost about $600.00. It was conservatively 
estimated that the money brought into the Kamloops district from the 
outside, as a result of the Paul Lake attraction, amounted to about 
$10,000.00 per year. This represented a considerable return to those 
catering to the anglers. In addition, local residents derived consider- 
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able enjoyment from the fishing provided, and the surplus fry pro- 
duced were in themselves worth over $2,000.00. On the whole, the 
venture seemed to be extremely worthwhile. Whether management 
programs of this type would be justified for other lakes, however, must 
be decided by a study of the merits of each body of water. Such a 
decision can only be made after adequate surveys and experiments 
have been carried out, which means investment in research. 

The writer is indebted to the Fisheries Research Board of Canada, 


under whose auspices the investigations were conducted, for permis- 
sion to publish the data. 
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PRELIMINARY OBSERVATIONS AND EXPERIMENTAL 
STUDY OF THE LING, LOTA MACULOSA (LESUEUR), 
IN WYOMING 


EuUGENE E. BJorN 
Wyoming Game and Fish Commission, Cheyenne 


INTRODUCTION 


The ling (also called lake lawyer, burbot, or eel pout) has long been 
regarded highly in Wyoming as a source of food by those living in the 
localities, where it is found. In recent years the interest of the sports- 
men of this state and adjoining states has been so aroused that ‘‘ling 
fishing’’ has become one of our outstanding winter attractions. It was 
estimated that over 15,000 fish, averaging about 2 pounds in weight, 
were taken from a single lake last season, and since specimens weigh- 
ing as much as 24 pounds have been taken, the interest is further 
stimulated by the possibility of landing a “big one.’ 

Not only does the ling appeal to residents of the state because of its 
excellence as a food, but it also provides a source of revenue by at- 
tracting fishermen to the central part of the state at a time when there 
is a lull in other forms of sport. The open season for ling is during 
the months of December, January and February after the big-game 
hunting seasons are over and before the spring fishing seasons have 
begun. Many ‘‘dude’’ ranchers, who ordinarily have no business at 
this time, benefit by accommodating visiting fishermen. 

The ever-increasing demand for the ling threatens to make serious 
inroads upon the supply, and consequently, steps have been taken to 
protect the species against a rapid decrease in numbers. After the 
1939 Legislature had adjourned, the ling held the legal designation of 
a ‘‘game fish’’ and now receives protection along with other game 
species. 

The Game and Fish Commission sent a party into the field during 
February, 1939, to study the habits of the ling and determine the pos- 
sibilities of its artificial propagation. The investigation was conducted 
over a period of two weeks during which time two lakes were visited 
and approximately one hundred specimens were examined. Due to 
the limited extent of the study and the lack of proper hatchery facili- 
ties, the results of these preliminary observations cannot be considered 
conclusive. However, the work will be continued. 

The results of the present investigation show something of the feed- 
ing and breeding habits of the ling in Wyoming, and demonstrate that 
the species can be propagated artificially. Special attention has been 
given to the types of food taken, the season during which the ling 
spawns in different lakes, the size of the eggs and number of eggs pro- 


duced per fish, the collecting of eggs and their hatching under arti- 
ficial conditions. 
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MATERIALS AND METHODS 


Most of the fish examined were taken through holes in the ice by 
means of short set lines baited with live minnows; others were taken 
in a gill net stretched across a small stream tributary to one of the 
lakes. 

The fish used in the spawn-taking experiment were transported in 
fish cans to the Dubois Hatchery, where they were held in tubs until 
the experiment was completed. The eggs were stripped into a dry 
spawning pan and the milt from the male added immediately. The 
two were mixed thoroughly with the fingers until the eggs became 
cohesive; water was then added to cover the eggs and the pan set 
aside for five minutes to permit the completion of fertilization. The 
excess milt was then washed from the pan and the eggs placed in water 
for thirty minutes to water-harden; after water-hardening they were 
measured and placed on trout hatchery trays, the screens of which 
were replaced with muslin cloth to hold the small ling eggs. The trays 
were not disturbed during the entire process of incubation. 

A stage micrometer was used to measure the diameters of the eggs 
which had been preserved in 2 per cent formalin until the measure- 
ments could be completed in the laboratory. 

The number of eggs per fish was determined by counting the eggs in 
several small unit volumes, then multiplying the average by the total 
volume. 

The stomach analyses were conducted to determine the types of 
food present, but little attention was given to the volume. Bait min- 
nows taken from the hooks were not included in the analyses of the 
stomach contents. In determining the percentage of fish feeding on 
specific forms, specimens with empty stomachs were disregarded. 


SPAWNING SEASON AND THE NUMBER OF EGGS PER FEMALE 


The spawning season of the ling continues over a period of three 
months, beginning in December and extending through February, as 
indicated by the condition of fish from two lakes, Ocean and Ring. 
Sixty-three specimens were taken from Ocean Lake during a period 
of four days, from February 6 to 10. Examinations revealed that 
only four of them had not spawned, and that many of the spent fish 
had spawned some time previously. The residents near the lake re- 
ported that milt flowed freely from the males taken in December and 
the first part of January. Obviously the spawning season was prac- 
tically terminated at this lake in early February. Thirty-four speci- 
mens were examined from Ring Lake from February 15 to 18. Milt 
could be taken from nearly all of the males. One of the females had 
spawned, three were ripe and were stripped of their eggs, and it was 
estimated that the remaining females would spawn within two weeks. 
Sportsmen in the vicinity reported that they had observed fish on the 
spawning beds from about the middle of February to the first part of 
March. 
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The differences in the time of the spawning seasons in the two lakes 
ean possibly be attributed to the different environmental conditions. 
Ocean Lake is located in the open foothills at an altitude of 5,214 feet. 
It has a surface area of 4,061 acres and a maximum depth of 18 feet. 
The lake is supplied by seepage from summer irrigation water, and 
has no definite inlet or outlet. The surface temperature is compara- 
tively high in the summer (68° F. on September 9, 1938), but doubt- 
less drops quickly with the advent of cold weather. Ring Lake is 
located in the mountains at an altitude of about 7,000 feet. It has a 
surface area of 94 acres and a maximum depth of 34 feet. The lake is 
supplied with a fairly large permanent inlet and obviously has a more 
constant temperature than Ocean Lake. 


Spawning fish were taken near the inlet of Ring Lake during their 
migration to the spawning bed, which is a large hole in the creek bed 
about one-half mile above the lake. Examinations revealed that 
female ling in Ring Lake spawn when about 12 inches in length and 
that males are sexually mature when 9 inches in length. 

It will be noted from Table 1 that there is a great variation in the 
number of eges per unit volume. This circumstance can be attributed 
to the fact that the eggs varied considerably in the extent of their 
development ; that is, some were very green and some were nearly ripe. 
Furthermore, some of the more nearly developed eggs may have begun 
to water-harden during the measuring process. In any event, the 
samples to be counted were taken immediately after the total volume 
had been determined, thus eliminating, as nearly as possible, the chance 
for error due to the change in the eggs while being measured. The 
information presented in Table 1 indicates that the female ling pro- 
duces approximately 175,000 eggs per pound of fish. 


TABLE 1. ESTIMATE OF THE NUMBER OF EGGS PRODUCED PER FISH 


Total 7 Volume ofeggs Average number Total number 
Weight of fish “= fish in in cubic cen- of eggs 


per of eggs per 
in pounds inches timeters cubic centimeter fish 


% 12 64,498 
% J 451,473 
522,385 

1,444,122 


ARTIFICIAL PROPAGATION 


The fully developed eggs are of a clear light yellow color, are semi- 
buoyant, and have a diameter of slightly over 1 millimeter. The eggs 
that were measured were taken from a 20-inch fish that weighed 114 
pounds. The average diameter of the eggs was found to be 1.041 milli- 
meters after fertilization and water-hardening and 1.084 millimeters 
four days before hatching. There were 1,118 unfertilized, water- 


hardened eggs in a cubic. centimeter sample, and 33,093 in a fluid 
ounce. 
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The first eggs were taken February 16. After they had water- 
hardened and had been poured into the trays, they showed no signs of 
sticking together and moved freely when the flow of water in the 
trough was properly regulated. However, after two days the free 
movement ceased, and the water was forced up among the small clus- 
ters of eggs which had formed. The water remained at a constant tem- 
perature of 43° F., and the eggs began to hatch thirty days after in- 
cubation had begun. On February 18, the survey party left the field, 
and the experiment was placed in the hands of the superintendent of 
the State Hatchery. Every four days a sample was sent to the Depart- 
ment office for further investigation. 


Fungus was first noticed in the trays after twelve days of incuba- 
tion. Since the eggs were too small to be ‘‘picked’’ and were not 
treated, the fungus spread rapidly. The eggs and newly hatched fry 
showed an unusual resistance to the attack of the fungus, though un- 
doubtedly many were killed. It was not uncommon to find living 
eyed eggs in a solid growth of fungus, and the hatchery superintendent 
reported that when the eggs began to hatch many small fish were seen 
emerging from within heavy growths of fungus. No attempt was 
made to hold and feed the young fish in the hatchery. 


WINTER oF THE LING 


Food samples taken from Ocean Lake revealed that Amphipoda, 
Zygoptera nymphs, and Diptera larvae were particularly abundant. 
The extent to which these forms are utilized for food by the ling may 
be seen in Table 2. Since Diptera larvae were not contained in speci- 
mens over 22 inches in length, the information indicates that the larger 
fish show a preference for the larger types of food. This point is 
further illustrated by data (also obtained in February) from Ring 
Lake. Diptera larvae were represented in 40 per cent of the stomachs 
examined from fish that ranged from 9 to 18 inches in length, and were 
not present in the stomach contents of the larger fish. 


TABLE 2. SUMMARY OF STOMACH EXAMINATIONS OF THE LING 


Percentage ofling Percentage of ling Percen’ e of 


from Ocean Lake from Ring Lake ling con’ 
containing the containing the the food 
Item food indicated food indicated indicated 
Sapte te 34 specimens 9 to 72 specimens 9 to 
Number and size of fish 25 inches long 33 inches long 33 inches long 
Plecoptera; stonefly nymphs 0.0 33.0 11.5 
Trichoptera; caddisfly jabese 19.0 8.5 14.5 
Ephemeroptera; mayfly nymphs 14.0 0.0 8. 
Diptera; larvae 9.5 16.5 11.5 
Zygoptera; damselfly nymphs 90.5 8.5 58.5 
Anisoptera; dragonfiy nymphs 23.8 0.0 14.5 
Amphipoda; scuds 74.0 25.0 55.8 
Mollusca; snails 9.5 8.5 9.0 
Vegetation; higher plants 23.8 16.5 20.5 
Fish 47.5 66.8 56.0 
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SUMMARY 


1. The ling spawns in Ocean and Ring Lakes during the months of 
December, January and February. Due to differences in environmen- 
tal conditions, the spawning period is earlier in Ocean Lake than in 
Ring Lake. 

2. Female ling are sexually mature when 12 inches in length, and 
males when 9 inches in length. 

3. The female ling produces approximately 175,000 eggs per pound 
of weight. 

4. The average diameter of water-hardened eggs from a ling 20 
inches in length and 114 pounds in weight was 1.041 millimeters. 

5. Ling eggs ean be taken, fertilized, and hatched under artificial 
conditions. The ineubation period is 30 days at a temperature of 
43° F. 

6. In winter the food consists of aquatic insects, Amphipoda Mol- 
lusea, and fish. The extent to which ling feed on fishes is inversely 
related to the accessibility of other types of food. Small ling feed 
extensively on Diptera larvae and other small food organisms. 
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EFFECTS OF A DECREASED OXYGEN SUPPLY ON 
SOCKEYE AND CHINOOK SALMON 


WiLBert McLeop CHAPMAN 


State of Washington 
Department of Fisheries, Seattle 


ABSTRACT 


A study was made of the minimum concentration of oxygen in the water 
necessary to maintain sockeye and chinook salmon in normal condition. It 
was found that when the oxygen content of the water was reduced to 3.5 
p-p.m. salmon showed definite signs of distress; a reduction below 3.0 p.p.m. 
eaused the death of some fish; a reduction below 2.5 p.p.m. brought about the 
asphyxiation of most of the fish in a short time. Considerable individual 
variation was found, some fish not dying until the oxygen concentration had 
dropped to 1.2 p.p.m. Some notes also are presented concerning the reaction 
of suckers and carp to a diminished oxygen supply. 


INTRODUCTION 


The respirational necessities of salmon are of practical as well as 
physiological interest. For the sake of economy it is desirable to crowd 
the fish in handling them in the hatchery system. Also, one of the 
outstanding effects of many pollutants on the salmon streams is to 
lower the oxygen content of the water to a point where the life of the 
fish is endangered. While the relationship between a reduction in the 
oxygen content of the water and the asphyxiation of fishes has been 
widely studied (Kénig and Hiinnemeier, 1901; Kupzis, 1901; Wells, 
1913; Krogh and Leitsch, 1914; Keyes, 1931), only Gardner and 
Leetham (1914) and Gutsell (1929) have worked extensively with 
salmonoid fishes, and no one has studied the Pacific salmons of the 
genus Oncorhynchus. A series of experiments were undertaken to de- 
termine the minimum oxygen concentration of the water in which 
chinook and sockeye salmon could exist without evident distress. 


METHODS 


The experiments were conducted with adult fish in the field under 
normal conditions of transportation, in the laboratory with young 
fish, and in the hatchery with newly-hatched fish. 

The apparatus used in the field experiment was a rectangular steel 
tank of 800-gallon capacity, mounted on a motor truck. The tank was 
equipped with a pump by which the water it contained could be cir- 
culated to prevent stratification. A No. 2 Roper gear pump was 
mounted on the intake line ahead of the circulating pump so that 
when the pumps were running a steady stream of air was forced into 
the circulating water. The air pump could be disconnected so that 
only the water pump was operating. The surface of the water in the 
tank was exposed to the air so that there was opportunity for gaseous 
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interchange between the water and atmosphere, even though the door 
on top of the tank (which was not air-tight) was closed. Oxygen and 
earbon-dioxide samples were taken by immersing a 200 e.c. glass- 
stoppered bottle about a foot beneath the surface of the water. The 
samples were analyzed directly after being taken. Water from the 
Columbia River at Rock Island was used in the experiments. 

The apparatus used in the laboratory was a 5-gallon glass demijohn 
with a narrow neck. The demijohn was fitted with a three-hole rubber 
stopper, for the inlet, outlet and a thermometer. The outlet was flush 
with the bottom of the stopper so that no air was trapped in the con- 
tainer. The inlet projected to within an inch of the bottom of the demi- 
john. Tests with ink showed that the circulation of water was rapid 
and thorough in all parts of the container. Seattle tap water was used 
in all of the laboratory experiments. In order to eliminate small bub- 
bles of air from the water and to equalize the fluctuating pressure in 
the water main, it was found necessary to insert another demijohn in 
the line between the tap and the apparatus and siphon the water from 
it. The rate of flow was regulated by pinch clamps and by raising or 
lowering the siphon demijohn. 

The young fish in the laboratory experiments were all starved at 
least twenty-four hours before being placed in the apparatus. The 
adult fish had been in fresh water for at least three weeks and had not, 
presumably, eaten during that time. No attempt was made to control 
external stimuli, such as noise, vibrations, ete., because it was desired 
to study the reaction under conditions that approximated normal. The 
fishes used in the experiments were: sockeye salmon (Oncorhynchus 
nerka) ; chinook salmon (Oncorhynchus tschawytscha) ; small-sealed 
sucker (Catostomus syncheilus), carp (Cyprinus carpio), squawfish 
(Ptychocheilus oregonensis), and chub (Mylocheilus caurinus). 

The oxygen determinations were made by the unmodified Winkler 
method as given in ‘‘Standard Methods of Water Analysis.’’ The 
CO. determinations were made by titrating against N/44 sodium hy- 
droxide with a phenolphthalein indicator. Determinations of pH were 
made with a Hellige hydrogen-ion comparator, Model No. 607. Tem- 
peratures were taken with a thermometer graduated by intervals of 
0.1° C. 

The chemical tests were all made as soon as the sample was taken. 
The determinations in the field were made by Mr. R. T. Smith of the 
State Department of Fisheries. Acknowledgment is made of the lab- 
oratory facilities provided by the School of Fisheries, University of 
Washington, and of the assistance given by Dr. Lauren R. Donaldson 
of that school. 


Minimum OxyGEeN CONCENTRATIONS FOR ADULT SALMON 


Experiment 1. On August 2, 1937, ten sockeye salmon, six suckers, 
and five squawfish were placed in the tank. At that time the oxygen 
content of the water was 8.1 p.p.m., the free CO2 content of the water 
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was 0.25 p.p.m., and the water temperature was 18.8°C. The air and 
circulating pumps were not used. The first definite reaction of the 
fish was noted at the end of six hours, when the salmon began to jump 
a little and gulp at the surface. The oxygen content of the water was 
then 2.7 p.p.m., the COz content 2.3 p.p.m., and the water temperature 
was 21.1° C. In another half hour the oxygen content of the water 
had dropped to 2.5 p.p.m., and the salmon appeared to have lost a 
large part of their senses of touch and sight, and were generally less 
reactive. They swam slowly, collided with one another and with the 
walls of the tank. In another fifteen minutes two sockeye had turned 
over on their backs and ceased swimming. The oxygen content of the 
water was then 2.4 p.p.m. 

Experiment 2. On August 4, 1937, one chinook salmon, six sockeye 
salmon, thirty-three suckers, one squawfish and one lamprey were 
placed in the tank. The oxygen content of the water was 7.9 p.p.m., 
the COz content was 0.25 p.p.m., and the water temperature was 17.1° 
C. The first reaction of the fish was noted after a lapse of four hours, 
when four of the sockeye were seen swimming at the top of the tank. 
The oxygen content of the water was 2.9 p.p.m., the COz2 content 2.3 
p.p.m., and the water temperature was 19.4° C. In another hour the 
blueback exhibited lack of coordination as they had in Experiment 1. 
The oxygen content of the water had dropped to 2.5 p.p.m. In another 
hour the oxygen content had reached 2.4 p.p.m., and two sockeye had 
succumbed. The chinook had now begun to show distress and in an- 
other forty minutes it turned over on its back. By this time, five of 
the sockeye had died. The oxygen content then was 2.3 p.p.m., the COz 
content 3.0 p.p.m., and the water temperature 21.2° C. The suckers 
‘and squawfish showed no distress. 

Experiment 3. On August 5, 1937, three chinook salmon, twenty-six 
sockeye salmon, sixty-one suckers, seven squawfish, two chubs, and one 
carp were placed in the tank. The oxygen content of the water was 
8.4 p.p.m., the CO content 0.25 p.p.m., the pH 8.0, and the water 
temperature 20.2° C. Within two and one-half hours all the sockeye 
and two of the chinook salmon were dead and the third chinook was 
in a weakened condition. At that time the oxygen content was2.7 p.p.m., 
the COz2 content 2.5 p.p.m., the pH 6.9, and the water temperature 
22.5° C. In another half hour the suckers and squawfish were rising 
to the surface and gulping. The oxygen content of the water was 2.0 
p.p.m.The first sucker succumbed a half hour later when the oxygen 
content of the water had dropped to 1.6 p.p.m. The experi- 
ment was continued for another hour. By that time twenty- 
eight suckers and one squawfish had eased swimming and 
turned on their backs. The carp had shown no sign of distress. The 
oxygen content of the water was 1.35 p.p.m., the COz2 content 4.3 
p.p.m., the pH was 6.7, and the temperature of the water was 23.0° C. 

Experiment 4. To determine whether the deleterious effects on the 
fish noted in the foregoing experiments were due to low oxygen con- 
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centrations and not to changes in pH or increased CO2 concentrations 
the following experiment was conducted. 

On August 6, 1937, five chinook salmon, sixty sockeye salmon, forty 
suckers, four squawfish and one chub (about 400 pounds of fish) were 
placed in the tank and kept there four hours. The oxygen content of 
the water was held at 5.3 p.p.m. or more for the whole period, the pH 
dropped to 6.9, and the CO content of the water increased to 4.0 
p.p.m. The latter two factors were lower and higher, respectively, 
than the salmon had been subjected to in the first three experiments. 
At the end of four hours the fish appeared to be in perfectly normal 
condition. It therefore seems evident that the increased carbon-diox- 
ide concentrations and the lower pH were not the causative factors in 
the abnormal reactions of the fish in Experiments 1, 2, and 3, when the 
oxygen concentration was reduced. 


MINIMUM OXYGEN CONCENTRATIONS FOR SALMON Fry 


The fish used in these laboratory experiments were young chinook 
salmon which had absorbed most of their yolk and had the yolk sac 
sear healing. These fish averaged 0.51 gram each in weight. 

Experiment 5. On February 18, 1938, five hundred of the small 
chinook salmon were placed in a 5-gallon demijohn in which the water 
temperature was 19.6° C. The flow of water through the apparatus 
was cut to one liter in five minutes, twenty seconds. Oxygen samples 


were taken from the outlet at intervals of ten minutes. The same 
rate of flow was maintained throughout the experiment. 

The movements of the young fish in the glass container gave a 
much more delicate indication of the effect of oxygen deficiency than 
was available in the work with the adult fish. When the oxygen con- 
centration in the water was adequate for the respiration of the salmon, 
they were about equally distributed throughout the container. The 
first signs of distress from oxygen deficiency were shown when the fish 
tended to concentrate near the outlet at the top and to settle at the 
bottom. The distress was accompanied by an acceleration in the rate 
of swimming and an increase in the rate of gill movements as the oxy- 
gen content of the water decreased. The fish that had congregated 
near the outlet at the top were in the region of the jar where there was 
the least oxygen. After struggling for a time at that point, they be- 
came exhausted and sank slowly to the bottom. The water on the 
bottom was richer in oxygen and the fish would soon recover and again 
swim to the top, only to repeat the process. As the oxygen content of 
the water decreased, more and more of the fish were affected and began 
to participate in the movement characteristic of distress, until at last 
all the fish had congregated at the bottom of the jar. 

The tendency of the fish to leave the middle of the jar and congre- 
gate at the top and bottom was first noticed after fifty minutes, when 
the oxygen content of the water was 3.59 p.p.m. The congregating of 
the young chinook increased as the oxygen decreased until nearly all 
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the fish were either at the top or bottom of the jar at the end of the 
experiment, when the oxygen content of the water was 3.07 p.p.m. No 
deaths occurred, but thorough distress was exhibited by all of the fish. 

Experiment 6. On February 19, 1938, a similar experiment was con- 
ducted. Five hundred young chinook salmon having a total weight of 
272 grams were placed in the apparatus containing water with a tem- 
perature of 19.2° C.; another 500, weighing 268 grams, were placed in 
a second container in which the water temperature was 13.5° C. 
The rate of flow in both jars was reduced to one liter in six minutes, 
thirty-six seconds. This rate of flow was maintained throughout the 
experiment. Simultaneous oxygen samples were taken at fifteen-minute 
intervals from the outlets of both jars. 

In Jar 1 the fish first showed distress after 2.5 hours at an oxygen 
content of 3.30 p.p.m. One hour and fifteen minutes later the oxygen 
content of the water had been reduced to 2.66 p.p.m. Most of the fish 
were in distress. The water flow was returned to normal. The next 
day, 105 of the 500 fish had not recovered. The temperature of the 
water had increased to 15.8° C. 

In Jar 2 the fish first showed distress after one-half hour at an 
oxygen concentration of 3.22 p.p.m. In another hour, the oxygen con- 
tent of the water had been reduced to 2.16 p.p.m. By that time, about 
60 per cent of the stock were on the bottom in an exhausted condition. 
The rate of swimming of those remaining upright had diminished 
greatly. The carbon-dioxide content of the water was 11.75 p.p.m. 
The temperature of the water had increased to 20.1° C. 

Experiment 7. On February 11, 1938, 760 chinook fingerlings were 
placed in the experimental apparatus. There was no circulation of 
water through the apparatus but air was bubbled through to replace 
the oxygen used by the fish. In two hours the COze content of the 
water was 11.75 p.p.m. The fish were retained continuously in the jar 
for forty-eight hours. During that period, the oxygen content of the 
water remained above 4.0 p.p.m. at all times, and the CO2 content 
ranged between 11.75 and 14.50 p.p.m. Throughout the two-day in- 
terval the fish appeared to be perfectly normal in their reactions. There 
were no deaths and no apparent distress. This experiment demon- 
strated again that the deleterious effects noted were due to oxygen 
deficiency and not to the toxicity of the increased carbon-dioxide con- 
tent of the water. 


EXPERIMENTS AT THE GREEN RIVER HATCHERY 


Some observations were made at the Green River Hatchery of the 
Washington State Department of Fisheries. The silver salmon 
(Oncorhynchus kisutch) used for the experiments were contained in 
forty-five trays, 2 inches deep, placed in a trough in nine racks that 
held five trays each. The yolk sac sear on the fish was just healing. 
The fish averaged 1,600 to the pound. The total calculated weight 
of the 316,000 fish in the trough was 197.5 pounds (wet weight). 
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On March 2, 1939, the water flow in the trough was reduced to 10.5 
gallons per minute. In two hours the oxygen content of the water 
at the foot of the trough had ceased decreasing. When stability was 
reached the oxygen content of the water at the head of the trough 
was 11.20 p.p.m., and at the foot 2.58 p.p.m. The fish in the last five 
of the nine sections in the trough were definitely being asphyxiated. 
Although they were still alive, most of them were lying on their sides 
and had nearly ceased movement. The flow of water in the trough 
then was returned to normal, and within one-half hour the fish had 
recovered, apparently without any ill effects. 


DISCUSSION 


The conclusions reached in the experiments with adult salmon were 
found to be applicable to fingerlings as well. However, it was also 
determined that the small fish, at least, manifested a definite reaction 
to oxygen deficiency when the oxygen content was reduced to about 
3.5 p.p.m. 

The salmon showed considerable individual variation in their tolera- 
tion of oxygen deficiency. In a large group of fish a few always 
became asphyxiated when the oxygen content of the water fell much 
below 3.0 p.p.m. However, death did not necessarily ensue imme- 
diately, nor were all the fish affected at the same time or level of oxy- 
gen concentration. Also, after collapsing completely and showing all 
the signs of complete asphyxiation for a considerable length of time, 
some fish returned rapidly to normaley when the oxygen content of 
the water was increased above the danger point, while other individ- 
uals died. These facts were illustrated by the following experiences: 

On February 10, 1939, fish were left overnight in two of the ex- 
perimental jars through which the water circulated normally. Some- 
time during the night both outlets became plugged. The next morning 
all the fish in the first jar were dead. The oxygen content of the water 
was 1.2 p.p.m. Some of the fish had remained alive long enough to 
reduce the content that far below the normal danger point. In the 
other jar, all but 20 of the 800 fish had ‘‘keeled’’ over and were lying 
on their backs on the bottom. The oxygen content of the water had 
reached 1.8 p.p.m., but the twenty fish were still swimming. The fish 
on the bottom, although thoroughly exhausted, were not all dead. The 
water circulation was returned to normal and within one-half hour 50 
per cent of the fish had recovered. 

The conclusions based upon these investigations, therefore, are not 
comparable with the results of experiments conducted with only one 
or few specimens where individual variation would bulk large in the 
results. The conclusions from the present studies, which are given 
below, should be considered as statistical averages and not applicable 
to any single fish. 

Gutsell (1929), who worked with brown, brook, and rainbow trout, 
concluded : ‘‘Some asphyxiation occurred with an Oz content of about 
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2.5 p.p.m. Definite data for the interval 2.3-1.3 p.p.m. are lacking. 
With 1.3 or less, all trout were asphyxiated. Trout in an asphyxiant 
condition recovered in water containing as little as 2.67 p.p.m. O>.’’ 
These conclusions are in substantial agreement with the results of the 
present studies. 


The results of Experiments 4 and 7 demonstrated that the other ex- 
periments reflected the effect of oxygen deficiency and not carbon diox- 
ide excess, or at least that if the concentration of oxygen was kept 
above the danger. point there would be no deleterious effects from a 
concentration of carbon dioxide of the magnitude found in these ex- 
periments. These conclusions are in accord with those of Gutsell 
(1929), who gives a good review of the literature on the subject. He 
stated (referring to the trout with which he worked) : ‘‘Carbon diox- 
ide up to 28 p.p.m. was not markedly harmful. It did not appear that 
contents up to 39 p.p.m. increased the ill effects of reduced Oo.’’ 


CONCLUSIONS 


1. When the oxygen content of the water was reduced to 3.5 p.p.m., 
the species of salmonoid fishes used for the experiments showed defi- 
nite signs of distress. 

2. When the oxygen content of the water was reduced to below 3.0 
p.p.m., some of the salmon succumbed. 

3. When the oxygen content of the water was reduced to below 2.5 
p.p.m., most of the salmon died in a short time. 

4. There is considerable individual variation in the ability of these 
fish to withstand oxygen depletion. All of the fish of a large group 
may not die until the oxygen content of the water has been reduced to 
1.2 p.p.m., although all will exhibit serious distress before that point 
is reached. 

5. When the oxygen content of the water was reduced as low as 2.0 
p-p.m. or less, adult suckers of the species studied were in danger of 
asphyxiation. 

6. When the oxygen content of the water reached 1.6 p.p.m. or less, 
the suckers died in a short time. 


7. At an oxygen concentration of only 1.35 p.p.m., carp apparently 
did not suffer deleterious effects. 

8. A gradual increase of the carbon-dioxide content of the water to 
as much as 14.5 p.p.m. caused no visible deleterious effects on the 
young salmon within forty-eight hours so long as the oxygen content 
of the water was maintained above 4.0 p.p.m. 


LITERATURE CITED 


American Public Health Association. 
1933. Standard methods for the examination of water and sewage. Sev- 
enth edition, pp. 1-180. 


er 
as 
rh 
ve 
d. 
es 
rh 
id 
re 
SO 
mn 
it 
a- 
e- 
ll 
e, 
Oo 
e 
g 
d 
h 
le 
0 
t 
le 
e 
it 


204 American Fisheries Society 


Davidson, F. A. 


1933. Temporary high carbon dioxide content in an Alaskan stream at 
sunset. Ecology, Vol. 14, pp. 238-240. 


Gardner, J. A., and C. Leetham. 


1914. On the respiratory exchange in fresh water fish. Part II. On 
brown trout. Biochemical Journal, Vol. 8, pp. 591-597. 


Gutsell, J. S. 


1929. Intluence of certain water conditions, especially dissolved gases, on 
trout. Ecology, Vol. 10, No. 1, pp. 77-96. 


Keyes, A. B. 
1931. A study of the selective action of decreased salinity and of asphyx- 
iation on the Pacific killifish, Fundulus parvipinnis. Bulletin, Scripps 


Institution of Oceanography, Technical Series, Vol. 2, No. 12, pp. 417 
490. 


Konig, J., und B. Hiinnemeier. 
1901. Ueber den niedrigsten fiir das Leben der Fische notwendigen Sauer- 
stoffgehalt des Wassers. Zeitschrift fiir Untersuchung der Nahrungs- 
und Genussmittel, sowie der Gebrauchsgegenstinde, Bd. 4, S. 385-391. 


Krogh, H., and L. Leitsch. 


1919. The respiratory function of the blood in fishes. Journal of Physiol- 
ogy, Vol. 52, pp. 288-300. 


Kupzis, J. 
1901. Ueber den niedrigsten fiir das Leben der Fische notwendigen Sauer- 
stoffgehalt des Wasser und iiber die fur dieselben giftigen Mengen im 
Wasser geloster Kohlensduere. Zeitschrift fiir Untersuchung der 


Nahrungs- und Genussmittel, sowie der Gebrauchsgegenstande, Bd. 4, 
S. 631-638. 


Wells, M. M. 


1913. The resistance of fishes to different concentrations and combinations 
of oxygen and carbon dioxide. Biological Bulletin, Vol. 25, pp. 325- 
347. 


= 


THE FOOD AND GROWTH OF THE YOUNG OF THE COMMON 
BULLHEAD, AMEIURUS NEBULOSUS NEBULOSUS 
(LESUEUR), IN CAYUGA LAKE, NEW YORK 


Epwarp C. RANEY AND Dwicut A. WEBSTER 
Cornell University, Ithaca, New York 


ABSTRACT 


An analysis is presented of the food of 170 specimens of the young of 
the common bullhead, Ameiurus nebulosus nebulosus (LeSueur), taken at 
intervals from June 21 to October 10, 1938, in quiet coves of Cayuga Lake, 
Ithaca, New York. A large variety of organisms were utilized for food. 
The main staples were Crustacea (approximately 60 per cent) and Diptera 
(approximately 25 per cent). Almost all of the Diptera were chironomid 
larvae, while 80 per cent of the Crustacea were ostracods and cladocerans. 
Considerable variation in the length attained by the common bullheads was 
noted in the collections taken after the middle of July. By October 10 the 
largest specimen was more than twice the length of the smallest. While 
the mean total length does not exceed 3 inches at the end of the first grow- 
ing season, some individuals may reach a total length of nearly 4 inches. 


INTRODUCTION 


At intervals during the summer of 1938 collections of the young of 
the common bullhead, Ameiurus nebulosus nebulosus (LeSueur), were 
made in the coves leading off lower Fall Creek and Cayuga Lake, at 
Ithaca, New York. These quiet coves have ooze bottoms and a plenti- 
ful supply of aquatic vegetation. The most common plants are water 
clover, Marsilea quadrifolia, spatterdock Nymphozanthus advena, and 
several species of pondweed, Potamogeton. Adult bullheads move into 
the coves in numbers when the water temperature has reached 50 to 
55° F., which occurs usually during the first two weeks of April. At 
this time the bullheads feed avidly. Spawning occurs mostly during 
the first three weeks in June and the young may be seen commonly 
thereafter, at first in dense schools and later scattered among the 
aquatic plants. Wright and Allen (1913, p. 4), have stated.the breed- 
ing dates for Ithaca as May 20 to July 1. 

Specimens were preserved immediately after collection in 10 per 
cent formalin and later were transferred to and stored in 70 per cent 
alcohol. The measurements and analyses were made of these preserved 
specimens. 

Many isolated reports have appeared giving data on the food of the 
common bullhead. The majority of these papers considered only the 
adults or did not mention the size of the fish examined. Adams and 
Hankinson (1928, p. 375) have summarized the published food studies, 
and it is apparent from these studies that ‘‘the common bullhead feeds | 
upon a large variety of food.’’ It consumes small fish, mollusks, in- 
sects (largely aquatic), leeches, earthworms, crayfish, and other crus- 
taceans. No thorough study has been made of the growth rate of the 
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common bullhead but Greeley (1930, p. 82) noted that ‘‘the size varies 
from several pounds in Lake Champlain to-several ounces in certain 
cold ponds of the Adirondacks.’’ 


Foop 


Method—The alimentary tract was removed from each specimen 
and its contents examined with the aid of a binocular microscope. The 
percentage of the total volume contributed by each organism was 
then estimated. A source of error was recognized in estimating the 
volume of intestinal contents in that certain soft bodied organisms, 
such as the larvae of Chironomus, are digested more rapidly than the 
hard bodied species, for example, ostracods whose outer shell may re- 
main in the intestines for a considerable period. It is clear that if 
only the volume of the chitinized heads of Chironomus was considered 
but the volume of the entire body of the ostracod was measured an 
error would result. An attempt was made to compensate for this 
error by estimating the probable original volume rather than the actual 
volume of the food in the intestines. It was found impractical to list 
the food in percentage of frequency of occurrence. In all, 170 speci- 
mens were examined for food. 

The stomachs of specimens collected during the day were often 
empty or contained only a few organisms, whereas those collected at 
dusk or at night almost invariably had the stomach filled to capacity. 

‘Diurnal variations in feeding habits of adults are well known to local 
fishermen, who fish principally during the evening and at night, al- 
though good catches are made occasionally during the day. Some evi- 
dence, obtained by diligent seining, indicated that adults may move 
into the coves at night where they had been absent during daylight 
hours. 

Results—The data presented in Table 1 show the large variety of 
organisms utilized for food by young bullheads. Of interest is the fact 
that micro-organisms are not consumed by the youngest juveniles to 
the exclusion of other organisms. Other data not included in Table 1 
demonstrate this fact even more strikingly. The food of twenty-five 
bullhead fry about three days old, averaging 9.9 millimeters standard 
length, taken over a rocky shore in Columbia Lake. Tolland County, 
Connecticut, was found to be approximately 50 per cent insect larvae 
(largely chironomids) and 50 per cent crustacea (Uladocera). 

The main staples throughout the first season are drawn from Crus- 
tacea (approximately 60 per cent) and from Diptera (approximately 
25 per cent). Almost all of the Diptera taken were chironomid larvae 
while 80 per cent of the Crustacea were ostracods and cladocerans. 
The results are similar to those obtained by Moore (1922, p. 56), who 
found that young common bullheads taken from July to September in 
Lake George, New York, and in various other ponds feed chiefly on 
midge larvae, waterfleas and other small crustacea. While most of 
the organisms taken are benthic or free-swimming in habit, the inclu- 
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TABLE 1. SUMMARY OF THE FOOD OF AMEIURUS NEBULOSUS NEBULOSUS 

(LeSUEUR) BASED UPON THE EXAMINATION OF THE ALIMENTARY 

TRACT. (THE ESTIMATED VOLUME OF EACH ITEM IS GIVEN AS THE 
PERCENTAGE OF THE TOTAL VOLUME.) 


Date collected, 1938 
June June July ae Sept. Oct. 
21 30 15 30 10 


Item 


Number examined 30 36 28 


Mean standard length in millimeters 12.9 35.2 
Arthropoda 
Insecta? 
Bpnemeroptera 
Trichoptera 
Hemiptera 
Coleoptera 
Crustacea 
Ostracoda 
Copepoda 
Isopoda 
Amphipoda 
Pisces 
Remains 
Miscellaneous? ___.. 


bore 
HHS 


SNS 
rine 


iBased on 100 per cent. 
°The insects were almost entirely aquatic larvae. 


8Miscellaneous food included those organisms which occurred only as traces, 
including the following: rotifers, insect eggs, mites, oligochaete worms, snails, 
Protozoa (Diflugia), algae and higher plant remains. 


sion of a few adult dipterans as well as the statoblasts of bryozoans 
indicate that the young bullheads do, on occasion, feed on the surface 
of the water. Actual observation of feeding young substantiates this 
fact. Fishes or fish eggs probably form a small percentage (1.3 in 
this study) of the food of young bullheads; the fish remains included 
in Table 1 were those of a cyprinid. Ewers and Boesel (1935, p. 58) 
found the food of twenty-seven black bullheads, Ameiurus melas, 
from Buckeye Lake, Ohio, ranging from 29 to 55 millimeters in total 
length, to be predominantly crustaceans, ‘‘to the extent of 74.07 per 
cent, with Cladocera and Copepoda about equally well represented on 
the basis of volume. Insects were present to the extent of 12.22 per 
cent. All the insects found were Chironomidae, particularly larvae, 
but also pupae and adults.”’ 


As might be expected, with an increase in the size of the young there 
was also an increase in the size of the particles utilized as food. This 
correlation is shown in Figure 1. The importance of the relationship 
is inereased when it is realized that the organisms included in the 
‘‘other food’’ curve (Figure 1) are forms such as Hyallela and Asellus 
of a size comparable to insect larvae. 


What part the availability of food played in determining the change 
in the size of the organism eaten cannot be reported in this paper be- 
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Figure 1.—Graph illustrating the change in kind and size of organisms eaten 
by young bullheads during their first summer in Cayuga Lake, New York. The 
size of the fish on the date of capture may be found in Table 2. 
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Figure 2.—Mean growth of young bullheads during their first summer in 
Cayuga Lake, New York. 
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cause qualitative or quantitative studies of the food organisms avail- 
able were not undertaken. 


GROWTH 


The data obtained on the growth of the young bullheads are sum- 
marized in Table 2 and a growth curve is given in Figure 2. Consid- 


TABLE 2. GROWTH OF YOUNG AMEIURUS NEBULOSUS NEBULOSUS (LeSUEUBR) 
TAKEN IN CAYUGA LAKE, NEW YORE, DURING THE SUMMER OF 1938 


Date Standard length Total 1 h Equivalent mean 
collected, Number _ (millimeters) QGnuillimeters) total length 
1938 measured Range Mean Mean (inches) 


June 21 

June 30 

July 8 

July 15 

July 16 
August 5 
September 30 
October 10 


ROS 
HOM 


1When less than 100 specimens were measured that number represents all the 
specimens collected. 


erable variation in size was observed in the collections made after the 
middle of July. By October 10 the largest specimen was more than 


twice the size of the smallest. Whereas the mean total length did not 
exceed 3 inches at the end of the first growing season, a few indi- 
viduals reached a total length of 4 inches. 
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100 12 to 14 12.9 13 to 16 15.2 

97 14 to 21 18.1 16 to 25 20.9 

100 18 to 26 22.4 20 to 31 26.8 

65 20 to 36 26.9 23 to 38 31.6 

100 24 to 38 31.8 28 to 44 36.9 

63 30 to 48 35.2 35 to 48 42.0 

27 37 to 65 47.7 45 to 79 57.5 

53 35 to 77 56.3 41 to 93 68.0 
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AN ELECTRICAL METHOD OF COLLECTING FISH 


Davin C. HASKELL 
New York State Conservation Department, Gansevoort, N. Y. 


ABSTRACT 


An electrical method of collecting fish has been developed which appears 
to be successful in streams up to 20 feet in width, and depths not greater 
than can be waded. Fish stunned, and then collected with a scap net, 
recover when placed in fresh water, so that almost none die as a result of 
the shock. The method has been tested in hard and soft water and under 
a variety of stream conditions. Fish may be removed from areas where 
brush, boulders and other obstructions prohibit seining. Because the fish 
turn with the light-colored ventral side up when stunned they become 
more visible than when only the dorsal surface is exposed to the view. 
The method is effective for fish large enough to be seen easily when 
stunned, that is, fish 3 inches or more in length. 


INTRODUCTION 


Population studies play an important part in the solution of fish- 
management problems. Quantitative studies in streams usually de- 
pend principally on seining as a method of capture. Seining can be 
conducted successfully only in areas relatively free from obstructions, 
and even then its efficiency is questionable. Needham and Rayner 
(1939) reported one example where a section of stream yielded fifteen 
trout by seining, whereas 108 trout were found when the water flow 
was diverted to another channel and the stream dried up. Hager 
(1934), reviewed by Shetter (1938), used electric shock to remove fish 
from streams. On the basis of Hager’s method and results, experi- 
ments were begun in February, 1939, to determine the possibilities of 
electric shock as a means of removing fish from streams. 


DESCRIPTION OF APPARATUS AND METHOD OF OPERATION 


Hager (1934) used a 2-volt generator connected to electrodes 20 to 
40 feet apart, but such a low voltage was found ineffective in our 
work. MeMillan (1928) reported that a voltage considerably lower 
than that used for our study was sufficient to stun fish in aquaria. In 
a stream, however, fish will move away from an electric field unless the 
shock is severe enough to stun them quickly. McMillan also reported 
comparable results from the use of direct and alternating current in 
aquaria, but direct current was not effective in our stream work. 

The source of power in our apparatus is a 110 to 220 volt, 60-cycle 
alternating current generator, preferably equipped with a field rheo- 
stat for adjusting the voltage. Experiments have demonstrated that a 
maximum output of 500 watts is sufficient for work in streams 20 feet 
wide. Power for the generator is supplied by a small gasoline engine, 


which together with the generator, is attached to a portable mounting. 
(Figure 1). 
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Figure 1—A census by the electrical method in progress on Cold Spring Brook 
near Van Hornesville, New York. 


One of the terminals of the generator is grounded by connecting it 
to an iron pipe driven into the stream bed near the shore (indicated by 
the black arrow in Figure 1). Since the resistance of the bottom soil 
of streams is usually much lower than the resistance of the water, 
grounding one of the generator terminals in this way causes the entire 
bottom of the stream to serve as one electrode. In some soils it will 
be found necessary to use a series of pipes spaced several feet apart, 
connected to each other by a continuous wire from the generator 
terminal. 

The other terminal of the generator is connected by a long insulated 
flexible wire to a metal electrode, consisting of a strip of wire screening 
4 to 6 inches wide and 10 to 15 feet long, with a wooden handle fast- 
ened to each end of the screen. With corks attached so that it will 
float on the surface of the water, the screen is stretched across the 
stream. Two men move the electrode up and down the test area, which 
has been blocked off by seines at each end. A third man with a scap 
net collects the stunned fish and a fourth unwinds the wire attached 
to the metal electrode and carries a pail to receive the fish. 

As in any electrical work there is some shock hazard, although our 
experience has indicated that it is slight. All work should be done by 
capable men who understand the apparatus. It is advisable for the 
operators to wear rubber gloves and rubber boots to avoid possible 
injury. 

It is relatively easy to census unobstructed stream areas. Where 
brush and boulders are abundant, however, the work progresses more 
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slowly and some fish are not recovered on the first trip over the sec- 
tion because they may drift under obstructions when stunned. Often 
they may be captured by another trip, since fish recover from the shock 
quickly. Four trips over the census area usually are required. 


RESULTS 


During the summer of 1939 it is proposed to compare the recovery of 
fish by electric shock, by seining and by chemical methods. At present 
no comparisons of the relative efficiency of the various methods can be 
made. 

The electric-census method was tested on Crystal Creek, Lewis 
County, New York, selected as a typical New York stream. The creek 
is 20 to 30 feet wide, has an average depth of 15 inches and a flow of 
40 cubic feet per second. Three sections, each 182 feet long, were 
sampled. 

Section 1 extended downstream from the upstream side of a wooden 
bridge. The bottom was sandy except for a few boulders underneath 
the bridge. In general the cover was poor. This area would have 
been suitable for seining. The census required about one hour after 
the electric apparatus was set up. 

Section 2 was situated at a bend in the stream. The main flow of 
water was near one bank, which provided good cover. Submerged logs 
and small snags, as well as some undercutting of the bank, made the 
section appear reasonably satisfactory for trout, but fairly difficult to 
seine. The census required two and one-half hours. 

Section 3 appeared to be the best trout area of the three sections. 
The bottom was made up of rubble, bed rock, sand and a few boulders. 
There was a region of fast water, and three or four excellent pools 
and riffles. The scattered boulders offered excellent hiding places, as 
did a few logs near the shore line. Seining would have been impos- 
sible. The census required five hours. 

About one hour was required to arrange the apparatus for each 
census, so that a total of two days was spent on the stream. Additional 
experience and improvement of technique should reduce the time re- 
quired. 

The following fishes were found in the stream: 

Brown trout, Salmo fario 

Brook trout, Salvelinus fontinalis fontinalis 

Common sucker, Catostomus commersonnii commersonnii 
Black-nosed dace, Rhinichthys atratulus atratulus 
Horned dace, Semotilus atromaculatus atromaculatus 
Long-nosed dace, Rhinicthys cataractae 

Seulpin, Cottus cognatus 


The sampling of the three sections was conducted on June 2 and 3, 
1939. The results are shown in Table 1. 
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TABLE 1. SPECIES, NUMBER, LENGTH RANGE AND TOTAL WEIGHT OF 
PISH COLLECTED FROM THREE SECTIONS OF CRYSTAL CREEK, NEW 
YORE, BY MEANS OF ELECTRIC SHOCE, ON JUNE 2 AND 3, 1939. 


Length Total 
Section Wnmber range weight 
No. Species recovered (inches) (ounces) 


Brown trout 3.75 
Common sucker 4.25 
Black-nosed dace 2.00 
Horned dace 2.25 


Brown trout 
Common sucker 
Black-nosed dace 
Horned dace 


00 wre 


mon 


| 


Brook trout 
Brown trout 
Long-nosed dace 
Common sucker 
Sculpin 


to 11.50 
to 6.25 
to 10.25 


CIM 


During a second census of Section 3 on July 12 and 13 an attempt 
was made to determine the effectiveness of the electrical method. After 
the section had been blocked off, one trip was made over the area. The 
trout obtained were marked with jaw tags and the right pelvic fin was 
clipped from each of the other fish. All were then released in the test 
section and a period of two hours allowed to elapse. Two trips were 
then made, followed by another the next day. Results are shown in 
Table 2. Mechanical difficulties with the gasoline engine impaired its 
efficiency and undoubtedly reduced the number of fish collected in the 
last three trips. 


TABLE 2. NUMBER OF FISH REMOVED AND MARKED FROM SECTION 3 

OF CRYSTAL CREEK ON JULY 12,A.M. NUMBER AND PER CENT RECOV- 

ERED JULY 12, P.M., AND JULY 13, P.M., NUMBER OF MARKED FISH 
FOUND DEAD, AND PERCENTAGE RECOVERY 


Number of 
marked fish 
Number recovered 
recovered July 12, Number of 
and marked Length p.m.,and marked fish Percentage 
Species July 12, a.m. (inches) July 13, p.m. founddead recovery’ 


Brown trout 19 2.31 to 10.19 15 
Brook trout 1 7.62 0 
Common sucker 5.75 to 10.62 

Sculpin -75 

Long-nosed dace .25 to 5.12 

Horned dace 19 


Total 31 21 


1Percentages were computed by dividing the number of marked fish recovered 
by the number tagged minus the number of dead fish recovered. 


In cooperation with the New York State Biological Survey, an at- 
tempt was made to determine the relative efficiency of electric shock 
and seining, in Mill Stream (in the drainage of the Salmon River) 
near Redfield, New York. The flow of water is about 6 cubic feet per 
second, the average width of the stream 20 feet and the average depth 
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18 inches. The bottom is composed of rubble, ‘‘flagstone’’ boulders, 
bed rock and gravel. The tributary streams of the Salmon River are 
heavily fished early in the season so that on June 28, when the study 
was made, no legal trout were collected. 
The fish recovered were: 

Brook trout, Salvelinus fontinalis fontinalis 

Rainbow trout, Salmo gairdnerii irideus 

Fine-scaled sucker, Catostomus catostomus 

Common shiner, Notropis cornutus cornutus 

Long-nosed dace, Rhinichthys cataractae 

Fan-tailed darter, Catonatus flabellaris flabellaris 

Black-nosed minnow, Notropis heterolepis 

Cut-lips minnow, Exoglossum mazillingua 

Common sucker, Catostomus commersonnii commersonnii 

Seulpin, Cottus cognatus 

Black-nosed dace, Rhinichthys atratulus atratulus 

The section selected for study was seined intensively for about three- 

quarters of an hour. The difficulty of seining among the boulders in- 
dicated that no more than a small part of the total population could be 
obtained by that method. Thirty-one fish were caught by the seine, 
and of these twenty-six were returned to the area after the right ven- 
tral fin had been clipped from each. A total of 176 fish was collected 


by the electrical method but of the marked fish only 38.5 per cent were 
recovered (Table 3). 


a cage! 3. NUMBER AND SIZE ae OF FISH COLLECTED BY SEINING IN 

L STREAM, TAGGED AND LIBERATED. NUMBER AND SIZE RANGE OF 

Pisi, BOTH MARKED AND UNMARKED, COLLECTED BY THE ELEC- 
TRICAL METHOD 


Recovered by _Becovered by 
se 


_Clectricalmethod sizerange Percentage 
Species marked Marked Unmarked (inches) recovery 


Brook trout 3 1 15 1.8 to 6.4 33 
Rainbow trout 15 east 3 1.0 to 5.7 Jas 
Fine-scaled sucker 0 1 8.0 
Common shiner 0 nti 2 4.7 to 4.9 eb 
Long-nosed dace 0 aise 8 4.3 to 5.1 ‘as 
Fan-tailed darter 0 4 2.2 to 3.1 ° 
Black-nosed minnow 3 2 14 2.2 to 2.3 67 
Cut-lips minnow 3 1 13 2.5 to 3.9 33 
Common sucker 2 1 11 4.3 to 7.9 50 
Sculpin 0 vee 71 1.7 to 3.6 
Black-nosed dace 15 5 24 2.0 to 3.2 33 
Total 126 10 166 a= cit 38 


1Five rainbow trout recovered by seining were not liberated. 


The low percentage recovery of marked fish apparently was due to 
their small size which made them difficult to see after they had been 
stunned. It is concluded, therefore, that the electrical method as em- 
ployed during the present study is much less effective in the capture 
of small fish than in collecting fish of legal length and larger, at least 
in rapid streams where many large stones are present. 
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Cold Spring Brook, Van Hornesville, New York, was surveyed with 
the electrical apparatus. This stream, unlike the others tested, has 
hard water. The results apparently were not affected by this condition. 
Another obstacle was encountered in this stream. An area having a 
muddy bottom and slow water became so roiled by the movement of 
the operators that visibility was reduced, making the collection of fish 
more difficult than in other streams tested. 

Preliminary tests on the recovery of bass have been started, and in- 
dications are that they are easily stunned, perhaps more easily than 
trout. 


LITERATURE CITED 


Hager, Franz. 
1934. Die Electrizitat im Dienste der Wildbachfischerei. Osterreich Fisch- 
ereiwirtschaft, Nr. 7/8, Juli/August, 1934, S. 1-5. 


MeMillan, F. O. 


1928. Electric Fish Screen. Bulletin of the Bureau of Fisheries, Vol. XLIV, 
1928, pp. 97-128. 


Needham, P. R., and John H. Rayner. 
1939. The Experimental Stream, A Method for Study of Trout Planting 
Problems. Copeia, 1939, No. 1, pp. 31-38. 


Shetter, David S. 
1938. Review—Hager, Franz: Use of Electricity in Fishing Wild Streams. 


U. S. Bureau of Fisheries, Memorandum I-131, “The Progressive Fish 
Culturist,” No. 36, pp. 32-33. 


ers, 
are 
udy 
"ee- 
in- 
be 
ne, 
en- 
ted 
ere 
IN 
OF 
EC- 
ge 
y 
to 
en 
m- 
re 
ist 


THE DECLINE OF THE PYRAMID LAKE FISHERY! 


Francis H. SUMNER 


Temporary Assistant, U. 8S. Bureau of Fisheries, 
Stanford University, California 


ABSTRACT 


The history of the Pyramid Lake (Nevada) cutthroat trout (Salmo 
henshawi Gill and Jordan) fishery, conducted by reservation Indians, shows 
a rapid decline in the catch within the last few years. While the Indian is 
blamed for overfishing, the white man’s demand for trout, the dams and 
diversions that he built along the Truckee River where the trout have 
spawned, the pollutants that he has dumped into the river, the spawn that 
he has taken, the competing species of fish that he has introduced, and prin- 
cipally the large amounts of water that he has diverted to another water- 
shed, have led to a condition which has prevented the trout from reproduc- 
ing its kind. The revival of the fishery is made doubtful by an agreement 
concerning the use of the Truckee River’s flow, the expense of hatching and 
rearing a stock of the Pyramid Lake trout (not to mention the questionable 
availability of its eggs), and inadequate regulation of the fishery. Thus, 
the Pyramid Lake cutthroat trout fishery appears to be doomed. 


INTRODUCTION 


Pyramid Lake has, for many years, been associated in the mind of 
the angler with large trout. Lately, however, ‘‘fisherman’s luck”’ on 
this body of water has not been very encouraging. What has hap- 
pened to the monsters that formerly took a spinner so readily? This 
paper, which is an attempt at a reasonable explanation of this question, 
is the result of three months’ field and laboratory work during the 
spring of 1938, under the auspices of the U. S. Bureau of Fisheries 
and the U. 8S. Indian Service. 

Other studies in connection with the fisheries problems of Pyramid 
Lake were made by Prof. J. O. Snyder in 1911 and 1912 (Snyder, 
1917), and by Mr. M. J. Madsen? in 1935. 

Pyramid Lake lies about 30 miles by road northeast of Reno, Ne- 
vada, and is entirely within the Pyramid Lake Indian Reservation, 
which also includes about 25 miles of the lower Truckee River. The 
lake is about 27 miles long and about 1114 miles wide at its greatest 
width. The Truckee River, its only permanent inlet, reaches the 
southern end of the lake after flowing about 100 miles east and north 
from Lake Tahoe. Pyramid Lake has no outlet, and therefore its waters 
are becoming gradually more salty. 

From the researches of Russell (1885), we learn that during the 
last ice age, Pyramid Lake was joined with its neighbor, Winnemucca 
Lake, and also with Walker, Carson, and Honey Lakes to form Lake 
Lahontan, which also covered present desert areas north to the Oregon 


1Published with the permission of the Commissioner of Fisheries. 
2A preliminary survey of Pyramid Lake, Nevada (unpublished). 
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line. It was during this period that the Tahoe and Pyramid cutthroat 
trout, Salmo henshawi Gill and Jordan, is assumed to have attained 
its present distribution. 


History OF THE PyrAmip LAKE FISHERY 


Before the coming of the white man, the cutthroat trout was one of 
the principal staples of the Paiute Indians resident at Pyramid Lake. 
During the spring spawning migrations up the Truckee River, as far 
even as the tributaries of Lake Tahoe, the thickly-crowded trout were 
easily captured. Friendly tribes, such as the Shoshones, were per- 
mitted to join in the fishing, while the enemy Modoes from the north 
made occasional raids on the fishing encampments. 

The white man supplied a ready market for the trout that the Indian 
caught so easily, and thus the rise of the fishery began. A Biennial 
Report of the Nevada Fish and Game Commission related that in 1881, 
trout from the Truckee River were sold in Belmont, Nye County, for 
thirty-seven and one-half cents per pound; and a Report of the Com- 
missioner of Indian Affairs stated that in 1884 more than 70,000 
pounds of trout were shipped at an average price of six cents. For a 
great many years, one white man bought from the Indians and shipped 
regularly whole carloads of trout to city markets. 

With the increased demand for the trout, more efficient ways of 
catching them were learned by the Indians from the white man. They 
learned to cast a spinner, to jerk a snag-line through the water, and 
even to tie a bent and sharpened piece of bed spring to a bamboo pole 
to make a gaff. Indians told the writer that angling was their pre- 
ferred method of fishing in the river, as in the lake, until it became 
increasingly difficult to catch trout in that manner. It was said that 
1920 was the last year in which hook-and-line fishing was good above 
the river-mouth, and a Nevada Biennial Report stated that in that 
year Indians were gaffing trout in the lower river. However, gaffing 
was introduced earlier, for in 1890 Indians were reported to be using 
‘‘erab-hooks’’ to catch trout. 

Between fifteen hundred and two thousand trout were taken during 
one day in March of 1926, and most of them were sold off the Reserva- 
tion. Nevertheless, the fishery was headed for evil days, as the follow- 
ing facts indicate. It was reported that 1934 was the last year in 
which boat angling was good on the lake. In 1935, during the months 
of March, April, and May, 6,998 trout, averaging a little more than 10 
pounds in estimated weight, were stamped so that they could be sold 
by their Indian owners. Many more fish must have been consumed on 
the Reservation. The fishery took a decided turn for the worse in 
1938, when a total of only 1,069 trout was caught during the period, 
February 20 to May 15. One is immediately struck, moreover, by the 
19-pound average of estimated weights for that year’s catch, almost 
twice as much as the average weight in 1935. These averages were 
derived from weights estimated by Indian wardens who stamped trout 
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for sale. The writer weighed, with spring balances, 195 trout of the 
1938 catch before they were cleaned, and obtained an average of 20 
pounds, a value that agrees closely with the average estimated by the 
wardens. Very few small fish were taken, although formerly there 
was, according to the Indians, a well-marked run of younger cutthroat, 
ealled ‘‘tommy trout,’’ which had its peak after that of the larger 
spawning fish. Evidently an older age group predominated in the 
1938 catch. 

This dominance of old fish can be more fully appreciated by refer- 
ring to Figure 1, a length-frequency curve derived from measure- 
ments of 231 trout in the 1938 catch. Although we have no length- 
frequency data from former catches to compare with the present 
curve, enough information has been gathered to show that the present 
condition is not normal. Snyder (1917) recorded the measurements 
of twenty trout caught in Pyramid and Winnemucca Lakes in 1911 
and 1912. The average weights of these fish—3.7 pounds*—and the 
average weights of trout in 1935 indicate that the normal spawning 
runs of cutthroat contained many more small fish in former years. The 
only possible conclusion is that reproduction of the species is probably 
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Figure 1.—Length-frequency curve for 231 Pyramid Lake cutthroat trout of the 
1938 spawning run. 


SIt should be remembered that these fish, which were presumably caught by 


hook and line, were a sample of the entire populations of the lakes; not just of 
the spawning runs. 
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not taking place—at least not to an extent sufficient to maintain a 
normal proportion of young fish. 

This assumption is strengthened by an examination of scales from 
the trout measured. Although these scales proved difficult to read 
and, according to Prof. J. O. Snyder, show a possible spawning-check 
absorption of one or two years’ growth, they do indicate that most of 
the fish were of about the same age, and hence that the 1938 catch 
représents the remnant of one or two years’ successful spawning. A 
median age of 6 or 7 years as read from the scales, plus a year or two 
for the correction of the possible absorption of the scales, would place 
this last successful spawning in about the year 1930, which year also 
happens to be the last in which spawn was taken from Pyramid Lake 
trout for hatching. The last spawning run of any consequence oc- 
curred in 1928 or 1929. 


FACTORS IN THE DECLINE OF THE FISHERY 


Over-fishing by the Indians is generally assumed to be the principal 
reason for the decline of the Pyramid Lake trout fishery.* On the other 
hand, not much attention has been given to certain features of the 
white man’s activities which have been inimical to the trout. 

One of his first activities that may be mentioned is the construction 
of dams across the Truckee River. H. G. Parker, Nevada’s first Fish 
Commissioner, reported in 1878 on dams ‘‘so constructed that it was 
impossible for fish to ascend above them, for the purpose of spawn- 
ing.’’ Early settlers had raised many low rubble diversion dams along 
the river. These obstructions did not constitute serious barriers to 
trout migration when water spilled over them, but when the river was 
low, water percolated through the rubble and the fish were completely 
stopped. The Derby Dam, a concrete structure about 12 feet high, 
and located about 30 miles above the mouth of the river, was con- 
structed in 1902. Fishways were urged for Truckee River dams in 
1908, indicating that there may have been none in the Derby Dam for 
six years after its construction. Moreover, in 1912, its fishway was 
reported not to be working because of low water, with the consequent 
loss of tons of fish. The Pyramid Lake Indian Reservation Dam was 
constructed in 1917. It is a concrete structure about 10 feet high, 
located about 8 miles above the river-mouth. <A good fish ladder forms 
an integral part of the dam. When the ladder was observed in 1938, 
flashboards prevented its operation. The explanation given was that 
no fish had reached that point for several years. A count of migrating 
trout was made at this dam in 1924. In thirteen hours, spread over a 
period of seven days, 1,240 trout entered the first pool in the fish 
ladder. 

There are fourteen diversions along the Truckee River from the 
Derby Dam to the Pyramid Lake Indian Reservation Dam, twelve of 


‘Although older fish predominated in the 1938 catch, a depleted fishery usually 
shows the reverse condition with a dominance of small fish. 
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them being at low rubble dams. None of these diversions is screened, 
although one was said to have had a rotary screen ten years ago. Thus 
great numbers of young trout must have been lost in the fields during 
past years, as well as adults on their way back to the lake after 
spawning. 

Pollution of the river has constituted another condition deleterious 
to the trout. For at least two decades, until about 1930, a paper mill 
at Floristan dumped into the Truckee River waste which, in 1913, 
killed fish in an experimental hatchery. Also, much sawdust was 
dumped in from sawmills and deposited in the river. The cities of 
Reno and Sparks ran their sewage into the river until about 1930, 
when sewage-disposal plants were constructed ; and railroad shops at 
Sparks are said to have run waste oil into the river for years. 

Another factor in reducing the supply of Pyramid Lake trout was 
the taking of spawn. Countless adult trout were killed by the Indians 
for their spawn alone, until within recent years it became illegal in 
California to angle with fresh spawn as bait. Fish-culturists have 
shared in the unfortunate proceedings also. Eggs were taken from 
Pyramid Lake trout during their spawning runs as early as 1889 or 
1890, if not before. Many fry were planted back into the river, but 
records’ show that for 6 years between 1919 and 1925, while 6,400,000 
eggs were taken, only 1,719,000 fish were planted back into the stream. 

Many of the eggs were shipped to other states, particularly Califor- 
nia, in trade for species that were introduced into the Truckee River 
and Pyramid Lake. In 1889 or 1890, Sacramento perch, Archoplites 
interruptus (Girard), were introduced into the lake, and in 1907 or 
1908, rainbow trout, Salmo irideus Gibbons, eastern brook trout, 
Salvelinus fontinalis (Mitchill), mackinaw trout, Cristivomer namay- 
cush (Walbaum), and largemouth black bass, Huro salmoides (Lacé- 
péde), were planted into the Truckee River. ‘‘ Royal Chinook”’ salmon, 
Oncorhynchus tshawytscha (Walbaum), were planted into both the 
river and the lake in 1909. The only other species recorded as intro- 
duced into the lake is the common carp, Cyprinus carpio Linnaeus, 
while the Truckee River has been stocked not only with the species 
above noted, but also with squaretail or bullhead catfish, Ameiurus 
nebulosus (LeSueur), silver salmon, Oncorhynchus kisutch (Wal- 
baum), and Loch Leven or brown trout, Salmo trutta Linnaeus. It is 
impossible to estimate the effects of the competition of these exotic 
species on the native cutthroat trout, but the introductions have prob- 
ably not been beneficial. 

Perhaps the greatest single factor in the decline of the Pyramid 
Lake trout is the diversion of large amounts of Truckee River water 
at the Derby Dam to the Newlands Reclamation Project in the Carson 
River Basin. The average annual flow of the Truckee River since 
1900, above all diversion, has been about 500,000 acre feet. Diversions, 


5Biennial Reports of the Nevada Fish and Game Commission. 
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principally that at the Derby Dam, are estimated to have taken ap- 
proximately 250,000 acre feet® annually of this total. The result of 
this process has been that the lake’s surface elevation declined 53 feet 
between 1909 and 1938 (Figure 2), with the further consequence 
that the Truckee River has cut down near its mouth, washing out 
much fine gravel and sand from ancient Lake Lahontan deposits to 
form a flat, half-mile-wide delta. 
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Figure 2.—Surface-level changes, Pyramid Lake, Nevada. 


It should be said here that Pyramid Lake has not been the sole 
source of cutthroat spawning runs. Its neighbor, Winnemucca Lake, 
also matured many large trout which ran into the river through Win- 
nemucea Slough. The river cut down below the head of the slough 
several years ago, preventing any more trout from ascending it to the 
river, and causing a rapid lowering of Winnemucca Lake. It was ex- 
pected that this lake would go completely dry last summer (1938). Its 
fish population is said to have died off suddenly in the early 1930’s. 


*Data supplied by Mr. George Hardman, Nevada State Coordinator, U. S. Soil 
Conservation Service. 
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The delta of the Truckee River at Pyramid Lake appears to have 
been relatively impassable to trout for the last several years. Indians 
claim that in about 1924, they picked up about 300 trout which were 
trapped by shifting sandbars on the delta, and in succeeding years, 
many fish were reported to have become stranded and to have had 
their eyes picked out by gulls. Moreover, when the Nevada Fish and 
Game Commission attempted to take spawn at the Pyramid Lake In- 
dian Reservation Dam in 1926, it was found that no fish could sur- 
mount the bar at the river’s mouth. Conditions must have become 
increasingly worse, for, although spawn was taken at the dam in 1928 
and possibly in 1929, the U. S. Bureau of Fisheries representatives 
used dip-nets at the edge of the delta in 1930 to catch trout for spawn- 
ing. The writer, during his 1938 visit to the lake, saw trout flounder- 
ing helplessly in shallow channels, and one was seen completely out of 
the water, flopping about on a sandbar. 

Earlier in this paper it was said that no run of trout was noted at 
the mouth of the river this year (1939). However, it has been re- 
ported to the writer that cui-ui, Chasmistes cujus Cope, ran up to 
Nixon, about 6 miles above the lake. That these sucker-like fish were 
able to cross the delta for the first time in years may be accounted for 
by the extreme low water in the river following a winter of light snow- 
fall. Evidently diminished volume, correlated with a slower flow of 
the river, allowed the fish to make headway against the current, which 
has been too rapid for them in late years. That no run of trout was 


noticed in this, an evidently favorable year, is a good indication of 
their present scarcity. 


CAN THE PyrRAmip LAKE Trout FIsHERY BE REVIVED? 


Several factors operate against a revival of the Pyramid Lake trout 
fishery. First, the Truckee River Agreement’ of 1935 makes no pro- 
vision as to the amount of water that shall be allowed to flow into 
Pyramid Lake. Second, it has been determined that the cost of a 
hatchery and rearing ponds would not be justified on the basis of the 
market values of the trout, even if eggs could be obtained readily 
without buying them outside the state. Third, there is the difficulty of 
regulating the fishery. The Constitution and By-laws of the Pyramid 
Lake Paiute Tribe, approved by the Secretary of the Interior on Janu- 
ary 15, 1936, does not bind the Indians to respect county or state laws. 
The Tribal Council did set up fishing regulations for 1935 and 1938, 
but it is noteworthy that for resident Indians, no limit was placed 
upon the catch. 

The question may be interposed here that, in view of the fate which 
overtook Winnemucca Lake, previously mentioned, and since Pyramid 
Lake similarly is characterized by an increasing concentration of its 
dissolved solids, are not its fish doomed anyway? Yes, but probably 


7An agreement between the Federal Government and individual users of 
Truckee River water concerning the apportioning of the river’s flow. 
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not before a long period of time. At the present rate of subsidence 
and inflow, it would require eighty years for Pyramid Lake to be re- 
duced to one-fourth of its present volume, at which time it would 
attain stability with respect to inflow and evaporation. In such an 
eventuality, the dissolved solids would be increased from approxi- 
mately 4,300 p.p.m. to about 14,000 p.p.m., or less than half the con- 
centration of sea water. Since coast steelhead cutthroat trout, Salmo 
clarkii Richardson, mature in the ocean, it is probable that Pyramid 
Lake cutthroat trout could accustom themselves to a gradually increas- 
ing salinity approaching that of the ocean. 


CoNCLUSION 


It appears then, on the basis of present data, that the Pyramid Lake 
cutthroat trout is doomed as far as its economic and angling values 
are concerned. There will probably continue to be some trout in the 
lake as the result of spawning by fish resident in the river, but there 
will no longer be the hordes which formerly ascended the river to 
spawn. The blame for this eventuality, if blame there must be, rests 
on the white man. The rise of the fishery coincided with his coming 


to the West, and his subsequent activities have contributed heavily to 
its decline. 


SUMMARY 
1. A brief history of the Pyramid Lake cutthroat trout fishery is 


given, including catch records for two recent years. 

2. Factors in the decline of the Pyramid Lake fishery are discussed. 
They indicate that the white man, and not the Indian, has been pri- 
marily responsible for the present scarcity of trout. 

3. Factors militating against a revival of the fishery are discussed. 

4. It is concluded that the Pyramid Lake cutthroat trout, as an 
economic entity and angling attraction, is doomed. 
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DISCUSSION 
Mr. R. G. Parvin: You say that this lake is becoming salty? 


Dr. Oscoop SMITH: Alkaline might be the better word for it. It is a desic- 
eating lake; the water is coming in and evaporating. It does not taste salty. 


Mr, LEO SHAPOVALOV: You have no data on Salmo smaragdus? 
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Dr. SmitH: No. 


Mr. SHAPOVALOV: You have not seen any specimens that you recognized? 
Dr. SMITH: No. 


THE PRESIDENT: In Pyramid Lake in recent years we have seen an important 
fishery not only decline but almost reach the point of extinction, through the 
diversion of water to other purposes and through man’s greed. We have seen 
an interesting biological change take place whereby we can more easily under- 
stand the creation of such waters as Great Salt Lake. The picture is even 
darker, I personally believe, than the author indicates. Small fish from hatch- 
eries, liberated in the lake even as far back as eight years ago, turned over and 
died as if they had been placed in a vinegar bath. The question arises in my 
mind whether even with the careful and gradual addition of lake water to the 
waters in which the fish were reared it would be possible to acclimatize the 
young fish to the waters of Pyramid Lake at this time. Pyramid Lake pro- 
duced what is probably the largest native trout that has been known—4l 
pounds. We have the last one of America’s outstanding trout-producing waters, 
unique in many respects, in Pyramid Lake. 
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PLACER MINING SILT AND ITS RELATION TO SALMON 
AND TROUT ON THE PACIFIC COAST 


Oseoop R. SmiTH 
U. 8S. Bureau of Fisheries, Stanford University, California 


ABSTRACT 


Renewed activity in the placer gold mining country of the Pacific Coast 
States has raised the question of how much harm silt does to salmon and 
trout. The effect silt may have on migrating adult fish, on the selection of 
spawning places, and on the survival of fish food, is discussed. The conelu- 
sion is drawn that silt, whether from placer mining or natural erosion, is 
harmful to salmon and trout if it is heavy enough to form a layer on the 
stream bottom or if it persists during periods between floods. 


During the last few years the high price of gold has caused a boom 
in the placer mining country of the West, and many neglected bars 
and high gravel deposits are again being washed for gold. On the 
American and Yuba Rivers of California high dams are being built to 
serve as catch basins for hydraulic mining debris and thereby legalize 
the resumption of operations in those rivers without endangering 
farms or navigable streams below. 

This increased activity has revived an old quarrel between sportsmen 
and miners regarding the effect of silt on fish. Biologists, hatchery 
men, and sportsmen believe that silt is harmful to both fish and their 
eggs. Those interested in hydraulic placer mining, which washes great 
quantities of silt into the streams, generally have taken the opposite 
view, and they have presented convincing evidence to support their 
views. Contradictory reports have also appeared in print and conse- 
quently both sides have been able to quote ‘‘authorities.’’ In view of 
the conflicting opinions as to the effect of muddy water on fish, it 
seems advisable to review the known facts in the case. It appears that 
both miners and sportsmen are partly right. 

The miners have some very good reasons for believing that the silt 
and mud from placer operations do not harm fish. One of the stock 
reasons is that in the early pioneer days in California many streams 
carried very heavy loads of silt, yet the salmon and steelhead were 
known to come up through it. The greatest decline in the numbers of 
salmon and trout, there is reason to believe, came during the turn of 
the century or later—after the period of most extensive placer mining. 

This evidence becomes less convincing, however, when we stop to 
analyze it. In the first place, no actual figures are available which 
give any estimate of the size of any salmon or steelhead run before the 
mining started. Also, the commercial and sport fishing was not intense 
enough in the early days either to deplete a stream or to serve as a 


1Published with the permission of the Commissioner of Fisheries. 
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means of meastiring a decline in numbers of fish. The runs may well 
have been reduced 30 per cent or more and still remained large enough 
to be noticeable to miners working in the streams. It is well known 
that salmon and trout will go up through muddy water, but there is 
also good evidence that the most successful spawning occurs in clear 
water. It is quite likely that most of the salmon and trout coming up 
through waters heavily polluted with mining silt in the old days found 
clear tributaries above and that the eggs laid there maintained the 
runs. This is exactly what the sockeye salmon do in some Alaskan 
streams under natural conditions. 

F. A. Davidson, U. S. Bureau of Fisheries, recently showed colored 
motion pictures of salmon streams in the Bristol Bay area, Alaska, 
which carried a load of glacial silt as bad as or worse than that pro- 
duced by hydraulic mining. He said that the salmon swam up through 
this silt but that they always spawned in the clear tributaries. 

Additional evidence that salmon and trout will spawn in clear rather 
than muddy water, if they have a choice, was brought out during a 
recent survey of the Yuba and American Rivers in California (Sumner 
and Smith).? The chinook salmon, Oncorhynchus tschawytscha, in this 
instance did not have a chance to go above the silt area because their 
way was blocked by the Daguerre Point Dam on the Yuba River, but a 
clear stream entering just above the dam produced a streak of clear 
water along one side of the wide, shallow river. The remainder of the 
river was muddy most of the time because of the many small gold-wash- 
ing operations but the silt from these operations was not heavy enough 
to form a noticeable coat or blanket over the stream bed. In general, the 
bottom conditions and the current were about equally suitable for 
spawning in the clear and muddy parts of the river. Several salmon 
were seen digging redds in the muddy water but they were isolated in- 
dividuals widely scattered over the available space. In the clear water, 
however, the salmon were concentrated and the redds were dug so 
close together that they overlapped and were dug up by females spawn- 
ing later. This overlapping was demonstrated on January 19, 1939, 
when Sumner dug into a redd and found both eyed eggs and yolk-sac 
fry very near the surface. Eggs in such widely separated stages of 
development taken from one redd indicate that spawning occurred at 
least twice in the same place. Local residents also reported that they saw 
salmon congregated in the clear streak of water in other years. Addi- 
tional streaks of clear water enter the river a mile or so below the dam 
where water seeps out through dredger gravel piles. Here again sal- 
mon were attracted in more conspicuous numbers than they were to 
nearby spawning areas in the main river. Unfortunately for the 
salmon, the poachers also have noticed that the fish congregated in 
these small, clear streams. In view of these observations that salmon 


2Sumner, F. H., and Osgood R. Smith. A biological study of the effect of 
mining debris dams and hydraulic mining on fish life in the Yuba and American 
Rivers in California. (Unpublished.) 
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select clear water for spawning, it cannot possibly be assumed that 
silt is harmless because salmon will migrate through heavy silt. It 
may not stop the migrations, but it does limit the spawning areas. 

It is true that most salmon and steelhead trout streams carry a great 
deal of natural silt during flood stages, even in sections where spawn- 
ing occurs. This has often been cited as proof that silt from hydraulic 
mining, which is, after all, only unpolluted soil and gravel, does not 
harm fish. This evidence also is not as conclusive as it seems. Good 
streams are clear most of the time, or at least during spawning periods, 
and streams which are always silty seldom have large populations of 
salmon or trout, even though the silt may come from natural erosion. 
The Sacramento River of California and its tributaries, for instance, 
often are very muddy, but the salmon spawn in them when the upper 
reaches are clear. 

Fishermen may complain that muddy water spoils the fishing, al- 
though the fish may be plentiful but not biting. The silt actually may 
protect the fish and, temporarily at least, do more good than harm. 

Ward (1938a, 1938b) in his study of the effect of placer mining on 
fish in the Rogue River, Oregon, coneluded that such mining has not 
done any harm in that river. He limited his discussion to the one 
river, bringing out such points as ‘‘The spawning grounds lie chiefly 
at least above the region in which placer mining run-off is poured into 
the stream’’ and the observation that the turbidity derived from placer 
mining did not seem to increase that resulting from natural erosion. 
Despite the fact that Ward’s conclusion was qualified and was appli- 
eable to but one stream, his paper has been cited as proof that in 
general mining silt is not harmful. 

Even on the Rogue River, the evidence that placer mining has not 
been harmful is unconvincing. Salmon spawn in the Sacramento River, 
California, and in other rivers on gravel bars which are very similar 
to and fully as large as those which Ward illustrated and said are not 
used for spawning. One cannot help but wonder if these places might 
not have been used for spawning before the placer mining was started. 
Also, Ward’s findings do not agree entirely with those of Ellis? and 
assistants, who made a careful biological and chemical survey of the 
Rogue River. During that survey the amount of silt was determined 
with light penetration instruments and a large series of samples was 
taken of bottom food organisms. Ward relied on general observations. 
Ellis found that the silting in the Rogue River was not very heavy, 
and that it did not seem to affect the best spawning areas. However, 
he did find that ‘‘in portions of these tributaries of Rogue River where 
the stream bottom showed definite silting, the bottom fauna and avail- 
able fish food were correspondingly reduced.’’ These reductions 
amounted to from 25 to 50 per cent. He concluded that the Rogue 
River is beginning to suffer from silt deposition and that continued 


SEllis, M. M. Report on the stream pollution investigations of the Rogue 
River by the U. S. Bureau of Fisheries, August, 1937. (Unpublished.) 
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introduction of soil washings will cause conditions to become progres- 
sively more unfavorable for salmonid fishes. It would seem that the 
Rogue River represents somewhat of a borderline case in so far as silt 
damage is concerned. 

Griffin, in Appendix B to Ward’s report (1938a), gave the results 
of an experiment which seems to prove, according to the California 
Mining Journal, October, 1938, that ‘‘young fish thrive on mud.’’ In 
those experiments, cutthroat trout and chinook salmon fingerlings were 
held in hatchery troughs, some containing clear water and others 
muddy water. In both species, the survival was greater in muddy than 
in clear water. However, in each of the two tanks of clear water, the 
heaviest loss occurred during the first four days of the experiment. 
Griffin attributed the heavy loss to the fact that the fish in clear water 
were able to see better and were so frightened by activity near the 
tanks that they dashed against the walls and injured themselves. What- 
ever the cause, a mortality as large as forty-six out of seventy-five 
salmon fingerlings in four days must be attributed to some unusual 
factor which would not affect wild fish. In fact, ten of the forty-six 
fingerlings died because they leaped out of the tank. Consequently it 
would be better to compare survivals after the fourth day. When this 
is done it appears that the salmon mortality was higher in muddy 
water, 12.2 per cent, than in clear water, 6.9 per cent. Results of the 
experiments with the cutthroat trout were the reverse; mortality was 
42.9 per cent in muddy water and 85.7 per cent in clear water, disre- 
garding losses during the first four days. Both percentages of mor- 
tality for cutthroat trout are so abnormally high and the number of 
fish used in the experiment so small (fifty and forty at the start) that 
the difference between the percentages has no significance. The only 
conclusion that may be drawn from the two experiments is that sal- 
mon and trout fingerlings ean survive and take food for a few weeks 
in muddy water. Griffin himself stated practically the same thing, 
but unfortunately he presented his data in such a way that they can 
be misinterpreted easily. Incidentally, the fact that fish can find arti- 
ficial food in muddy water would not help them much in streams 
where silt has smothered the natural food organisms. 

Concerning the effect of fine silt on eggs, nothing can be deduced 
from Griffin’s experiment. Hobbs (1937) found that in New Zealand 
streams the mortality of trout eggs was greatest in redds that con- 
tained the largest proportion of fine materials (under 0.03 inch in 
diameter). Shapovalov (1937) also concluded, from experiments with 
steelhead eggs, that silting can be detrimental to the survival of eggs 
in the gravel. Ward (1938a) stated: ‘‘Erosion silt in some streams 
has been found to cover nests and spawning grounds with a blanket 
such that the bottom fauna was killed and eggs also suffocated innests,’’ 
while Ellis (1937, p. 394) remarked: ‘‘Parts of some streams, as the 
Yellowstone and Missouri—draining areas in which natural erosion 
has been proceeding rapidly—have been muddy with their loads of 
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erosion silt since before the earliest records by man and have as a 
result limited fish faunae.’’ Undoubtedly the amount of silt is an 
important factor. There can be no doubt that placer mining silt, 
when fairly heavy, will smother salmon and trout eggs. Where the 
silt is very heavy it may even fill in the pools completely. On the Yuba 
River near Washington, California, to cite one example, a pool was 
seen that was completely filled in with fine silt so that there was no 
place left for a fish to hide. When that condition is manifested by 
long stretches of a stream it is difficult to understand how game fish 
can survive. 

A survey of the Klamath River, California (Taft and Shapovalov, 
1935), where hydraulic mines were being operated, revealed that 
‘‘Whenever a series of quantitative bottom samples was taken in one 
stream or in a series of similar streams during the summer, the average 
number of food organisms in the one square-foot samples was always 
less in mined areas than in non-mined areas.’’ On the Scott River the 
investigators took three square-foot samples above and three below the 
mouth of a small tributary which brought in a heavy load of silt from 
a hydraulic mine. The samples from the silted areas averaged 36 
organisms per square foot, whereas those from the clean bottom above 
averaged 249 organisms per square foot. 

A similar situation was found on the American and Yuba Rivers of 
California by Sumner and Smith (footnote, p. 226). The silted areas in 
tributaries of the Yuba River were only 63 per cent as rich in food 
organisms as the unsilted areas, and in tributaries of the American 
River the silted areas were only 41 per cent as rich as the unsilted 
areas. These percentages are based on 336 square-foot bottom samples 
from the Yuba drainage and 312 from the American. These are field 
observations, not controlled experiments, but we do have definite ex- 
perimental evidence that silt is injurious to fresh-water mussels. Ellis 
(1936) experimented with several species and found that ‘‘layers of 
fine silt from one-fourth. of an inch to one inch thick produced a high 
mortality among fresh-water mussels living in gravel or sand beds and 
in water which was otherwise favorable.’’ Because Ellis used over 
2,000 individuals in his experiments his results appear to be very 
conclusive. 

From the above discussion it seems safe to conclude that a heavy 
load of silt in a stream is harmful to salmon and trout. Both young 
and old fish can stand a considerable amount of silt for several weeks, 
but the silt nevertheless may limit, or entirely prevent, successful re- 
production and certainly limits the food supply. This conclusion ap- 
plies either to natural erosion silt or to silt from hydraulic mines. The 
amount of harm done to salmon or trout will of course depend both 
upon the amount of silt in a stream and its persistence. We have no 
accurate measure either of the amounts of silt which salmonids can 
tolerate or of the length of time that salmonids can withstand heavily 
silted conditions, but we may assume that silt may be harmful if it is 
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heavy enough to form a noticeable deposit on the rocks and if heavy 
muddiness persists during periods between floods. 

This paper is not an attempt to prove that all hydraulic gold mining 
must be prohibited because it is harmful to fish. However, it should 
be known and recognized that continued silting of streams is detrimen- 
tal to game fish, or at least to their reproduction and food supply, and 
this undesirable condition should be balanced against the public bene- 
fits resulting from hydraulic mining. 
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DISCUSSION 


THE CHAIRMAN: I have observed to my surprise that some of the most suc- 
cessful hatches came from bass nests wherein the eggs were pretty well smoth- 
ered with silt; on the other hand, some nests in the same ponds that were quite 
clear failed to produce fry. Of course some nests filled with silt failed to yield 
a very good hatch. If only the nests where there was silt failed to produce fry, 
it might be concluded that the silt was responsible. Do you have any evidence 
of particular batches of eggs that have been killed by the silt? 


Dr. Oscoop SmiTH: None other than the cases I have reported. In reporting 
on the hatching of eggs in gravel Mr. Shapovalov stated that the silt did kill 
the eggs. 
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A METHOD OF ESTIMATING THE NUMBER OF FISH IN A 
GIVEN SECTION OF A STREAM? 


DANIEL R. EmBopy 


Laboratory of Limnology and Fisheries, Cornell University, Ithaca, 
New York 


ABSTRACT 


A method of measuring the areas of stream sections and a method of 
removing the fish therefrom are described. Cresol is used to render the 
fish helpless, and a formula is given for calculating the amount necessary 
for a treatment. The advantage of the new method lies in the fact that 
the fish can be removed from the stream, examined, and returned to the 
stream unharmed. 


INTRODUCTION 


In recent years, owing to the increased demand for better fishing in 
streams, the emphasis in fisheries investigations has shifted from the 
study of natural history and taxonomic problems to the study of pro- 
duction problems. The main object of these production studies is to 
obtain the information necessary to manage stream fisheries so that 
the water may be farmed to the fullest extent. In order to study fish 
production, however, methods of estimating the stock of fish on hand 


are needed. Various attempts have already been made to evaluate the 
stock of fish on hand. Embody (1929) in one of the early studies of 
fish populations captured the fish in a section of stream by suddenly 
diverting the water to another channel. Other methods consisted of 
seining areas of stream (Hoover, 1938) ; pumping sections dry (Need- 
ham and Rayner, 1939) and treating areas of stream with chemicals 
(unpublished data of G. C. Embody). The purpose of the present 
paper is to describe an improved method of determining the number 
of fish in a given section of stream which determination in turn may 
be used to estimate the total population of the stream. 

In many instances streams are so large that it is physically and eco- 
nomically impossible to count the whole fish population. In such situa- 
tions the only way in which a representative picture of the number of 
fish may be obtained is by sampling certain parts of the stream and 
using these data to estimate the whole population. Before the most 
efficient size of sample or the most efficient number of samples neces- 
sary to estimate the fish population of the whole stream can be deter- 
mined, a method of measuring the area from which the samples are 
drawn and a method of securing the fish must be available. It is pro- 
posed, therefore, to describe a method of estimating the area of a 


1This paper has been written from uncompleted manuscripts of the late Dr. 
George C. Embody—the father of the author. All facts pertaining to this method 
were obtained under the direction of Dr. Embody at the Laboratory of Limnology 
and Fisheries, Cornell University. 
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section or ‘‘sample’’ of stream, and a method of removing the fish 
therefrom for counting. 


MEASURING THE AREA OF A SECTION OF STREAM 


The method of obtaining stream surface area given in this paper 
consists of multiplying the length not by the width but by the mean 
width. The length value is obtained by measuring along the bank of 
the stream with a tape the distance between the lower and the upper 
boundaries which are staked off. The error involved in measuring the 
length is so small that it may be neglected. The method of obtaining 
the mean width and its error was described fully by Embody, Good- 
rum, and Edmund (1938). This method consists of determining the 
width at regularly spaced intervals along the entire section. The num- 
ber of measurements is determined by the variability of the width of 
the stream and the degree of accuracy desired. It is an interesting 
fact that on the rubble-bottom stream in New Hampshire described by 
those authors it was found that about 256 measurements were neces- 
sary to obtain a mean width with limits of accuracy not greater than 
+ 5 per cent (twice the coefficient of variation). 

It must be remembered that when various measurements such as 
length and width are combined mathematically to produce a numerical 
value such as the area, the errors of each measurement combine to 
form a larger error for the final value. Therefore, when the number 
of fish per unit area is determined for a section of stream, that esti- 
mate of population density can be no more accurate than the estimate 
of the area itself. It can be shown further that when several sections 
of stream are combined to form an estimate of the total fish population, 
the errors of each sample also cumulate. The accuracy of calculated 
measurements, therefore, must be watched carefully. It is suggested 
that whenever a highly variable measurement, such as the mean width 
of a stream, must be made, definite steps be taken to control the mea- 
surements in such a way that the final values fall within the desired 
limits of accuracy. In this paper the word ‘‘error’’ is used in the sta- 
tistical sense only. It has been shown that regardless of the magnitude 
of errors of individual observations such as single width measurements, 
the standard error of the mean of these values will become smaller as 
the number of observations is made larger (Fisher, 1936). The taking 
of all data should be governed by these principles. 

To insure that the mean width and subsequent estimated area lie 
within the desired range of accuracy a preliminary estimate of the 
error may be made. Such a preliminary step could consist of measur- 
ing the stream width thirty times at regularly spaced intervals. From 
these measurements the coefficient of variation of a single width mea- 
surement may be estimated roughly and, with only a rough estimate of 
the coefficient of variation, the approximate number of measurements 
that must be taken for any degree of accuracy that may be desired can 
be computed easily by standard statistical methods (Fisher, 1936) or 
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from the table given by Embody, Goodrum, and Edmund (1938). 
Thus it may be concluded that by a simple preliminary step the ele- 
ment of doubtful accuracy has been removed from the data before the 
worker leaves the field. 


SECURING THE FISH FROM A SECTION OF STREAM 


The first step in securing the fish from a section of stream by the 
chemical method is to render the fish helpless. Some chemical methods 
involve killing the fish, but the essential value of the present method 
lies in the fact that the fish can be removed from the stream, counted 
and returned to the water unharmed. The drug, cresol, is used to 
make the fish helpless. When fish are placed in a solution of eresol 
and water in an aquarium they turn over quickly and become helpless, 
but do not die. If they are removed to fresh water fairly soon they 
recover. The concentrations that will cause this phenomenon are so 
small that it is economically possible to apply cresol to streams of con- 
siderable volume. Preliminary investigations have shown that tem- 
perature and the volume of water flow are important factors affecting 
the efficiency of the drug. The effects of these factors must be evalu- 
ated in order to calculate the proper concentration to use. 

In treating a stream, it has been found that the best results usually 
ean be obtained when the quantity of cresol added is so adjusted that 
most of the fish will turn over within three to four minutes. The 
proper concentrations of cresol necessary to render fish helpless at dif- 
ferent temperatures can be found most readily by experiments in the 
laboratory. From preliminary experiments of this nature (G. C. 
Embody, unpublished data) it has been found that for commercial 
eresol? (obtainable at any drug store) a solution of 1 part in 30,000 
parts of water by volume will render most stream fishes helpless in 
three to four minutes if the temperature is between 55° F and 60° F. 
At lower temperatures the time is greater; at higher temperatures less 
time is required. 

To obtain a solution of 1 part cresol to 30,000 parts of water in the 
stream it is necessary to know the volume of water flow. In small 
streams not over 4 feet wide and having a flow of less than 1,000 gal- 
lons per minute, the rate of flow may be measured conveniently with a 
folding, portable weir. Weirs and their use are fully described by 
Steward (1922) and Schroder and Dawson (1934). In larger streams, 
however, it is advisable to use the improved float-bob method (Em- 
body, 1938). With the flow of water known it is a relatively simple 
matter to calculate the quantity of cresol that must be added to the 
stream within a certain period of time. The following formula may 
simplify the calculations: 

FTC. 
X = the number of cubic centimeters of cresol to be added. 


2Liquor cresolis compositus—U. S. Dispensatory 21st edition, p. 628. 
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K = 3,785.4 (the number of cubic centimeters in a gallon). 

F = the volume of water flow in gallons per minute. 

T =the time in minutes necessary to render the fish helpless. 

C =the concentration of cresol desired in the stream, e. g., 
1 :30,000. 

The second step in determining the number of fish in a section of 
stream by the chemical method is to collect the fish after they have 
been rendered helpless. Preparations for this step must be made before 
the cresol is added. The upper and lower boundaries of the section are 
blocked off by nets or seines to prevent escape. A few large tubs of 
fresh water should be placed at regular intervals along the banks of 
the section, -and collectors must be stationed to remove the fish to fresh 
water as soon as they turn over. Care must be exercised while the 
fish are out of the stream to prevent warming of the water and over- 
crowding in the tubs. 

To add the cresol to the stream—the correct amount must be mea- 
sured out and diluted with water until sufficient bulk is provided to 
make the solution easy to handle. This aqueous solution is then poured 
into the stream from a sprinkling pot. The rate of addition must be 
adjusted so-that all the cresol will be added in the correct time (T of 
the formula). Furthermore, the entire width of the stream must be 
treated to insure thorough mixing. As a rule when cresol is added to 
the water (G. C. Embody, unpublished data) many fish begin to move 
downstream whereas others are caught in the treated water and be- 
come helpless in a few minutes. A few others will swim about with 
great vigor only to succumb eventually to the effects of the drug. Still 
others may dart under banks, under logs and even jump out of water 
and become stranded. The crayfish swarm from beneath the stones 
and mingle with the fish. The insects are paralyzed but appear to 
recover soon after the drug has become diluted. 

As soon as the chemical is added to the water some of the fish begin 
to turn over. These fish must be removed immediately and placed in 
the fresh water in the tubs. Not only the fish that float against the 
lower blocking net but those caught under the banks and logs and 
those stranded must be removed. Each collector must patrol his sec- 
tion constantly to prevent the death of some of the weaker fish from an 
overdose. It is often advisable, when the water has become diluted 
sufficiently, to place the fish back in the stream in screen baskets. 


SumMaRY OF INSTRUCTIONS 


In the foregoing paragraphs, the various details and special proce- 
dures necessary to use the described method of population study have 
been discussed. The various steps involved may be summarized as 
follows : 

1. The section to be studied is first blocked off from the rest of the 
stream. Usually nets are set at the upper and lower boundaries and 
across all tributaries. 
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2. The volume of water flow is measured by a weir or by the im- 
proved float-bob method. Care must be taken in this determination to 
see that the volume of flow is representative of the stream. Where 
doubt exists, especially in long sections, several determinations must 
be made and the standard error computed. 

3. From the time required for the fish to become helpless and the 
volume of water fiow, the dosage is estimated by formula given on 

age 233. 

. 4. The correct quantity of cresol to be added is measured and mixed 
with enough water to make the solution easily handled. The solution 
is applied to the stream from a sprinkling pot as evenly as possible 
from shore to shore. The rate of application should be adjusted so 
that the full amount of cresol will be added in time (T)—-see the for- 
mula on p. 233. In some situations it may be desirable to introduce a 
second and a third dose after a five- or ten-minute interval as a check 
to insure the collection of all fish. 

5. The helpless fish are removed from the stream by hand and 
placed in tubs of fresh water. One should look along the banks and 
pry under any shelter for those few individuals which in their excite- 
ment have sought such refuges. Since the fish are very weak they 
must. not be overcrowded or permitted to remain in warm water. 

6. After the fish have been removed the measurements of width and 
length may be made and the area computed without causing any un- 
due disturbance to the stream. (Note the fact that this step is placed 
last. ) 

In conclusion it must be emphasized that this method of population 
study is only a tool for comparing fish populations. It provides a 
‘‘vardstick’’ for comparing fluctuations in the abundance of fish in 
streams as correlated with such biological factors as the abundance of 
food organisms, pollution, and predation, and such physical or chem- 
ical factors as stream improvement, floods, temperature, and concen- 
trations of dissolved gases. It should be mentioned also that although 
this method makes it possible to measure the population of a stream 
section, no statement can be made as to the size of the section that 
must be used or the number of sections that must be sampled to repre- 
sent a stream adequately. These are problems that must be answered 
before extensive populations, so large that they must be sampled, can 
be studied. 
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A STUDY OF THE NATURAL PROPAGATION OF THE PINK 
SALMON, ONCORHYNCHUS GORBUSCHA, IN 
BRITISH COLUMBIA 


ANDREW L. PRITCHARD 
Fisheries Research Board of Canada, Nanaimo, B. C. 


ABSTRACT 


From 1930 until 1939 a study of the natural propagation of the pink 
salmon (Oncorhynchus gorbuscha) has been carried out at McClinton Creek, 
a tributary to Masset Inlet on the Queen Charlotte Islands in northern 
British Columbia. This stream, approximately 4 miles in length, possesses 
a good spawning bed, and has always had a considerable run of pink sal- 
mon. Specially constructed fences were used to assess and examine the 
adults migrating upstream and the fry returning to the sea. The produc- 
tion of fry from five spawnings has varied from 6.9 to 23.8 per cent of the 
possible egg deposition, i.e., the number of eggs calculated to be contained 
in all the females released above the weir. The loss of 76.2 to 93.1 per cent 
may be due to many factors, among the most important of which are the 
climatic conditions as they affect the water height, velocity, etce., during 
the stages from spawning to fry migration, and predators as they prey 
upon the adult salmon, the eggs and the fry. It is suggested that the num- 
ber of fish or the number of eggs deposited may have an effect on the 
production efficiency. Data on the marine portion of the life history will 


not be discussed until further information is obtained on the migrations in 
the sea. 


The present paper is a brief resumé of pertinent data obtained 
through a long-term experiment to investigate the natural propagation 
of the pink salmon (Oncorhynchus gorbuscha). The study has been 
carried out on McClinton Creek, tributary to Masset Inlet on the 
Queen Charlotte Islands in northern British Columbia, and has cov- 
ered a period of almost ten years, 1930 to 1939. The stream, approxi- 
mately 4 miles in length, takes its source from springs in the moun- 
tains, the highest of which is about 2,800 feet. Like many coastal 
rivers, it is subject to considerable fluctuation in volume which may be 
directly correlated with the precipitation. The portion of the stream 
bed utilized by the pink salmon for spawning consists of small stones 
and gravel and extends about 2.5 miles above tidal influence. Beyond 
this more boulders and stones occur. The river gains elevation and 
loses size quickly until at its source it is little more than a small trickle. 

As far as can be discovered, McClinton Creek has always had a 
considerable run of pink salmon which has varied from 10,000 to 
155,000 individuals throughout the period of the investigation. The 
size of both the stream and its salmon run thus made it eminently suit- 
able for observations on the natural propagation of the species. 

In order to obtain counts of both the adults proceeding upstream 
and the fry migrating downstream to the sea, a weir was built near 
the head of tidal influence and below the spawning area. This weir 
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was so constructed that for the adult run in the autumn picket panels 
could be inserted, and for the fry migration in the spring, galvanized 
wire screens could be installed. The adults, coming upstream, encoun- 
tered the wooden fence and passed through leads into pens from which 
they could be dipped, enumerated, examined and released above the 
fence. The fry, by reason of the screening set at an angle to the flow 
of the river, were directed into pens along one bank. From these pens 


they were dipped, counted, and marked, and then released below the 
fence. 


Data, both qualitative and quantitative, are now available for the 


spawning runs of 1930, 1932, 1934, 1936, and 1938, and for the fry 


migrations of 1931, 1933, 1935, 1937, and 1939. A summary of the 
counts is submitted in Table 1. 


TABLE 1. COUNTS OF THE ADULT AND FRY RUNS OF PINK SALMON AT 
McCLINTON CREEK FROM 1930 UNTIL 1939 


Spawning 
1934 1936 1938 


77,477 
77,719 


66,153 155,196 


5,549 
5,028 


10,577 


Number of eggs -...-.. 1,535+12 1,7582%15 1,799 1,698+19 
Presumed 50, 000 13,360,000 139,000,000 53,345,000 8,500,000 
Fry migrants _ 4,000 2,230,000 12,600,000 3,675,000 2,020,000 
Percentage hatch. 16. 9.1 6.9 23.8 


The production in the five seedings has varied from 6.9 to 23.8 per 
cent of the possible egg deposition, i.e., of the number of eggs calcu- 
lated to be contained in all the females released above the fence. The 
mortality of 76.2 to 93.1 per cent may have been caused by many fac- 
tors. Of these, climatic conditions as they affect water height, velocity 
of flow, temperature, ete., at all stages from spawning to fry migra- 
tion, undoubtedly constitute one of the most important factors. Spawn- 
ing under freshet conditions may result in drying out of the redds 
when the water falls, or in losses from lack of sufficient water to en- 
able the fry to migrate even though there may be sufficient dampness 
for incubation and hatching of the eggs. Severe floods may serve to 
shift the gravel and wash out the developing eggs. Predators also 
account for a portion of the loss not only through destruction of the 


adult fish before the sexual products are deposited, but also through 
the consumption of the fry. 


Unfortunately, it has not been possible to maintain an observer on 
the stream during the incubation periods in order to obtain a precise 
record of the environmental conditions. In view, however, of the 
known extremes to which the river is subjected, the variation in pro- 
duction efficiency from cycle to cycle is not unexpected. 
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It is possible that another factor enters into the situation, namely, 
the number of spawning fish and the number of eggs in the beds. It 
may be noted that in 1930, 1934, and 1936 when there were depositions 
varying from 50,000,000 to 139,000,000 eggs, the percentages varied 
from 6.9 to 10.6, showing differences of no statistical significance. On 
the other hand, in 1932 with 13,000,000 eggs, the percentage was 16.7 
and in 1938 with 8,500,000 eggs, the smallest spawning, it reached 23.8 
per cent. It is suggested, therefore, that the percentage efficiency is 
highest in the case of small runs. In view of the fact that 50,000,000 and 
139,000,000 eggs gave approximately the same percentage hatch, it is 
possible that there may be a limit below which the percentage will not 
drop except under conditions of extreme overcrowding. On the other 
hand there may be a minimum number of spawners below which the 
efficiency will drop to a very low point rather than rise. Neither of 
these limits has been encountered but it appears that, until further 
work is accomplished, the premise must be qualified by stating that 
within certain limits and under uniform climatic conditions the 
smaller run will provide the greater efficiency of hatch. 

In considering production as a whole, there remains the determina- 
tion of the survival in the sea. This determination rests upon a know]l- 
edge of the age at maturity and the migration in relation to commer- 
cial catch and spawning place. There is definite information on the 
former but additional data are being collected on the latter problem. 

The long-term experiment reported here has provided both qualita- 
tive and quantitative data on the natural production of the pink sal- 
mon. To date only the total mortalities have been assessed but an 
attempt is now being made to discover the extent of the loss in the 
various periods from the time when the adult salmon migrate up- 
stream to spawn until the entrance of the fry into the sea, namely, 
spawning, fertilization, incubation, ete. More information is being 
gathered on the behavior of the fish in the sea. When the major facts 
concerning propagation are known, it may be possible to regulate 
escapement, reduce predators, ete., in such a manner that production 
may be maintained efficiently at a relatively high level. 
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CONSIDERATIONS OF THE INTRODUCTION AND 
DISTRIBUTION OF EXOTIC FISHES IN OREGON! 


Francis P. GRIFFITHS 


Oregon State Game Commission 
and 
Department of Fish and Game Management, Oregon State College 


ABSTRACT 


Many introductions of exotic species have been made without considering 
the possible effects on native fishes. Of eighty fresh-water and anadromous 
fishes of Oregon, nineteen have been established by introduction. Eastern 
brook trout planted in mountain lakes have produced excellent fishing but 
numerous introductions in low coastal waters have been unproductive. 
Spiny-rayed fishes have replaced trout in some waters and are becoming 
numerous in the backwater created by the Bonneville Dam on the Colum- 
bia River. The increase in predacious fish may lead to the destruction of 
young salmon during their migration downstream. The introduction of 
other exotics such as the channel catfish would appear to be undesirable as 
long as there is hope of maintaining salmonid fishes. Careful biological 
study of all factors involved should precede the introduction and distribu- 
tion of exotic fishes in Oregon. 


Past experience in the introduction of alien insects, birds, and mam- 
mals, as well as fishes, indicates the need of caution and of thorough 
study before new species are added to a community of species that 
exists in natural balance. The decimation or even the extermination of 
valuable native species may result from the failure to consider all the 
consequences of liberating apparently harmless exotics. Some intro- 
ductions of exotic species of fish have been fortunate and have result- 
ed in improved fishing rather than in harm; on the other hand, many 
have been distinctly harmful. 


Numerous enthusiastic sport fishermen in particular believe that the 
answer to the lack of fish is simply the addition of more fish, prefer- 
ably of a different variety. Attention and emphasis have often cen- 
tered on the introduction and propagation of exotic forms rather than 


on an intelligent program for the conservation and replenishment of 
native species. 


In the western states, many importations have been made simply to 
satisfy the personal whims of individuals accustomed to fishing for 
eastern fish. The introductions of other species, such as the carp, have 
resulted from accidental liberations of fish reared commercially and 
through the careless distribution of small ‘‘pond’’ fish. 


The western coastal states have a relatively small number of native 


1Technical Paper No. 318 of the Agricultural Experiment Station, Oregon 
State College, Corvallis, Oregon. 
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fresh-water fish compared with the mid-western or eastern coastal 
states. Of eighty fresh-water and anadromous fishes known to occur 
in Oregon (Jewett, 1938), nineteen are non-native species. Less than 
fifty years ago the most common game fish were steelhead, rainbow, 
and cutthroat trout. Now we have largemouth black bass, yellow 
perch, white crappie and calico bass, several sunfishes, warmouth bass 
and carp, as well as eastern brook, brown, and Mackinaw trout. The 
following list shows the most important sport fishes in Oregon. 
Asterisks indicate the species that have been introduced. 


SALMONIDAE, the salmon and trout 

Oncorhynchus tschawytscha (Walbaum), chinook salmon. 
Oncorhynchus kisutch (Walbaum), silver salmon. 
Oncorhynchus nerka (Walbaum), sockeye salmon. 
Salmo clarkii clarkii Richardson, coastal cutthroat trout. 
Salmo gairdnerii gairdnerii Richardson, steelhead or rainbow trout. 
*Salmo trutta L., brown or Loch Leven trout. 
*Cristivomer namaycush (Walbaum), lake or Mackinaw trout. 
*Salvelinus fontinalis (Mitchill), eastern brook trout. 
Salvelinus malma spectabilis (Girard), Dolly Varden or bull trout. 

GOREGONIDAE, the whitefishes 
Prosopium williamsoni (Girard), Rocky Mountain whitefish. 


AMEIURIDAE, the North American catfishes 
*Ameiurus nebulosus (Le Sueur), small catfish or bullhead. 


PERCIDAE, the perches 
*Perca flavescens (Mitchill), yellow perch. 


CENTRARCHIDAE, the basses and sunfishes 
*Lepomis macrochirus (Rafinesque), bluegill sunfish. 
*Huro salmoides (Rafinesque), largemouth black bass. 
*Pomozis annularis (Rafinesque), white crappie. 
*Pomozis nigro-maculatus (Le Sueur), black crappie or calico bass. 
the white basses 
*Roccus saxatilis (Walbaum), striped bass. 


Besides the fish listed, the following species have been introduced 
and are sometimes caught: Alosa sapidissima (Wilson), shad; Cyp- 
rinus carpio L., carp; Ameiurus melas (Rafinesque), black bullhead ; 
Chaenobryttus gulosus (Cuvier and Valenciennes), warmouth bass ; 
Micropterus dolomieu (Lacépéde), smallmouth black bass; Lepomis 
gibbosus (L.), pumpkinseed sunfish; and Lepomis cyanellus (Rafin- 
esque), green sunfish. 

Coincident with an increase in variety, there has been a decrease in 
the numbers of salmonid fishes. Other factors besides competition 
with introduced species have been largely responsible for the decline 
of native forms, but there are nevertheless numerous instances where 
a decrease in trout has followed the introduction of bass, perch, and 
erappies. The introductions of eastern brook trout into environments 
similar to its native habitat have resulted in good fishing. The high, 
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more or less landlocked lakes of the Cascade mountains yield excel- 
lent eastern brook trout, but numerous plantings in low coastal waters 
and in the Willamette Valley have produced no results. Although 
popularly considered to be adapted to warmer water than the rainbow 
trout, the brown trout appears to be competing successfully with this 
fish in the spring- and snow-fed Deschutes River. The headwaters of 
this stream resemble many of the streams of the lower mountains of 
southern Germany where the ‘‘Bachforelle’’ is native. 


The problem presented by the introduction of exotic species is par- 
ticularly acute in certain coastal lakes which seem to be about equally 
suitable for spiny-rayed fish and for salmon and trout. Several large 
lakes are now providing excellent fishing for the spiny-rayed fish and 
increasingly poor catches of trout. One lake has so far escaped the 
introduction of bass and perch but does have a very large population 
of bullheads (termed locally, catfish), Ameiurus nebulosus, along 
with migratory silver salmon and the resident and sea-run cutthroat 
trout. The extent to which the introduction of bullheads or ‘‘eatfish’’ 
will affect the salmon and trout population is diffieult to determine, 
but most probably the bullhead will not be beneficial. 


The problem of determining whether a body of water should be 
stocked with spiny-rayed fish or maintained for salmonid fishes is not 
always easy. It is even more difficult to keep well-meaning but im- 
practical sportsmen from making unlawful introductions without 
regard to the biology of the lake. Ecological changes have made some 
bodies of water unsuited for the cold-water species. Bonneville Dam 
has created a lake area approximately 50 miles in length along whose 
shores bass and crappie are rapidly becoming very numerous. The 
possible effect of these fish on the downstream migrants of salmon 
originating from parents that have run successfully the gauntlet of 
commercial fishing and man-made obstructions has not been consid- 
ered. It certainly seems desirable that some study be made to deter- 
mine the effect the increase in predaceous fish, occasioned by the 


creation of Lake Bonneville in the Columbia River, will have on young 
salmon. 


The introduction of other fish into Oregon waters is repeatedly sug- 
gested by individuals and groups of sportsmen. The two species most 
frequently mentioned are the smallmouth black bass and the channel 
catfish, Ictalurus punctatus (Rafinesque). Smallmouth black bass are 
known to be present in one large coastal lake. 


Channel catfish have been reported from the fish ladders in Bonne- 
ville Dam, but specimens were not obtained and the identification is 
consequently doubtful. It is hoped that if early introductions of this 
fish did occur, they were unsuccessful. The data available in the 
literature on the life histories and habits of smallmouth black bass 
and channel catfish indicate that both species, should they be widely 
introduced and be capable of adapting themselves to their new en- 
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vironment, would be serious food competitors of and predators upon 
resident salmonid fishes. 


It is hoped sincerely that future introductions and distribution of 
all fish not native to this area will be made as a result of careful bio- 
logical study and with adequate control, rather than by irresponsible 
individuals acting without thought of the biological consequences. 
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FURTHER OBSERVATIONS ON THE FEEDING HABITS OF 

THE MONTANA GRAYLING (THYMALLUS MONT'ANUS) AND 

THE BLUEGILL (LEPOMIS MACROCHIRUS) IN FORD LAKE, 
MICHIGAN! 


JusTIN W. LEONARD 
Michigan Department of Conservation, Ann Arbor, Michigan 


ABSTRACT 


The feeding habits of a small population of Montana grayling in a small 
landlocked lake in northern Michigan are described in detail on the basis of 
stomach analyses of specimens taken in April, May, July and October, 1938, 
and March, 1939. The progress of the experiment based on these grayling was 
complicated by the unauthorized stocking of bluegills in the lake which, prior 


to the planting of the grayling, had been freed of all fish by treatment with 
rotenone. 


As was noted in an earlier report on this experiment, immature and adult 
stages of certain predaceous aquatic insects, notably Odonata and Coleoptera, 
occupied a most important place in the diet of the grayling. An interesting 
result of the presence of bluegills in the lake was the fact that by the time the 
grayling had attained an average standard length of 246.5 millimeters they 
began to prey upon small bluegill fingerlings. Data are presented to show 
that all but fingerling bluegills are direct food competitors of the grayling. 
Observations indicate that the effects of this competition are already resulting 
in a reduction of the grayling population. It is suggested as probable that the 
non-reproducing grayling will be unable to maintain satisfactory growth and 
viability in the face of continued competition from the prolific bluegills. 


INTRODUCTION 


In an earlier report the writer (Leonard, 1939) presented an ac- 
count of an experiment with Montana grayling (Thymallus montanus 
Milner), 5,000 of which were introduced as 4-inch fingerlings into 
Ford Lake, a small landlocked lake in northern Michigan. This report 
included a brief discussion of the physical, chemical and biological 
characteristics of the lake, a series of observations on the feeding habits 
of the grayling, and a summary of all information available in the 
literature on the feeding habits of grayling. It was noted that one of 
the most unusual aspects of the diet of the Ford Lake grayling was 
the dominant position occupied by various groups of predacious in- 
sects, notably Odonata and dytiscid Coleoptera. 

The grayling, which were hatched on June 24, 1936, are now (in 
1939) completing their third year of life. The first report covered 
collections made in May and October of 1937. The present report 


deals with collections made in April, May, July and October, 1938, 
and March, 1939. 


1Contribution from the Michigan Institute for Fisheries Research. 
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One aspect of the conditions under which the Ford Lake grayling 
population exists has undergone a significant alteration since the first 
observations were recorded. Owing to a misunderstanding, a planting 
of bluegills (presumably fingerlings) was made in the lake during the 
summer of 1937. This event was most unfortunate, because all fish 
had been removed by rotenone treatment prior to the introduction of 
the grayling, in order that they might be free from the possible com- 
petition or predatory activities of any other fishes. The progress of 
the experiment was not halted, however, and certain discoveries have 
resulted from the presence of the bluegills. One of the most inter- 
esting of these observations is that by the time the grayling had at- 
tained an age of 16 months and an average standard length of 246.5 
millimeters (average total length, 11.5 inches) they began to prey upon 
young bluegills. Consumption of fish by Montana grayling has been 
reported only once (Brown, 1938), and in this instance the prey was 
small trout fry taken where they were concentrated just below a hatch- 
ery outlet. This situation, of course, was not a natural one. The pro- 
portion of bluegill fingerlings in the grayling diet rose from 3.5 per 
cent of the total in October, 1938, to 34.0 per cent in March, 1939. 
Continued utilization of this food undoubtedly will depend largely 
upon the degree of success attending the reproduction of the bluegills, 
since it is obvious that physical limitations would prevent the gray- 
ling from feeding upon any but the smaller individuals. 

In the ensuing tabulations determinations of food organisms en- 
countered in the grayling stomachs have been made in as great detail 
as is feasible. The lack of knowledge of the life histories of many of 
our aquatic insects has prevented specific determinations of many indi- 
viduals, notably of the midges and caddis flies. Lengths, weights and 
data on the method of collection of each series of fish are recorded in 
the text. 

All fragments of animal and plant matter too finely comminuted 
for recognition have been considered as debris. Because the propor- 
tions of the various organisms represented in the debris appeared to be 
in direct ratio to their abundance among the recognizable organisms, 
the debris has not entered in the calculations of the percentage com- 
position of the stomach contents; however, the relative percentages of 
animal debris, plant debris and identifiable organisms are listed in the 
text. Unless specifically indicated otherwise, all aquatic insects were 
taken in immature stages, terrestrial insects as adults. When specific 
growth-stages are indicated, ‘‘L’’ stands for larva, ‘‘P’’ for pupa, 
for nymph and ‘‘ A’’ for adult. 

Table 1 shows the diet of the grayling for each collection summar- 
ized by major taxonomic categories of food organisms. The detailed 
data for these same collections may be found in Tables 3 to 7. Table 2 
provides summarized information for the bluegills corresponding to 
the data of Table 1, except that the bluegills were ali collected on the 
same date and are recorded by size groups. The detailed information 
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TABLE 1. RESULTS OF STOMACH OF FIVE COLLECTIONS 
MONTANA GROUPS, SHOWN 


SUMMARIZED BY MAJOR 
S PERCENTAGES OF TOTAL FOOD V 


April 21 May 8 July 5-6 Oct. 29-30 March 1-2 

Organism 1938 1938 1938 1938 1939 
Entomostraca .... trace trace 
Malacostraca trace 2.4 trace 
Ephemeroptera -_ 6.5 2.0 2.2 0.1 6.5 
38.7 19.4 13.2 18.0 17.3 
Hemiptera -__....... 3.2 12.0 3.2 2.8 2.7 
Coleoptera _. 16.1 13.9 2.4 53.8 28.0 
0.6 12.8 0.1 0.3 
eee. ............... 19.3 20.4 57.9 trace 0.3 
1.2 
0.3 

Coleoptera* 11.7 

Diptera*® 1.0 

Hymenoptera 4.1 


*Terrestrial organisms. - 


TABLE 2. RESULTS OF STOMACH ANALYSES OF THREE SIZE GROUPS 
OF BLUEGILLS, SUMMARIZED BY MAJOR FOOD GROUPS, SHOWN AS 
PERCENTAGES OF TOTAL FOOD VOLUME 

Date of Collection October 28-29, 1938 


standard standard e standard 
e 


Organism 21.8 rs 40.4 117.8 tore 

Entomostraca 51.7 
Malacostraca -_. 6.6 4.7 trace 
Ephemeroptera _. 21:7 
Odonata 13.5 82.4 
Trichoptera 1.1 0.7 
Dintera 20.0 20.7 0.5 
trace 
Hemiptera* 
Homoptera* 20.0 
Coleoptera* 2.2 0.2 
Diptera* 
Hymenoptera* 0.6 
materia 2.8 


Animal debris 


*Terrestrial organisms 


concerning the food of the three size groups of bluegills are contained 
in Tables 8 to 10. It appears certain that the three size groups recog- 
nized represent only two ages, and that the two smaller groups are 
composed of specimens of the same age separated by different rates of 
growth, probably because of varying success in competitive feeding—a 
condition commonly encountered among centrarchids. Since this 
paper was prepared a collection of over 100 bluegills of this age group 
was made (May 24, 1939), by means of artificial flies. The two size 
classes persisted at this time. Individuals of the larger groups could 
be recognized as soon as they were hooked by reason of their greater 
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vigor and endurance, and by their more vivid coloration. The smaller 
specimens appeared distinctly pale and ‘‘ washed out.’’ 


Foop OF THE GRAYLING 


Collection No. 1—On April 21, 1938, five male and four female gray- 
ling were taken on artificial flies. The specimens had the following 
size ranges: standard length, 183 to 198 millimeters, average 190 milli- 
meters; total length, 204 to 231 millimeters, average 218 millimeters; 
weight, 58.4 to 83.1 grams, average 72.3 grams (Table 3). The per- 
centages of identifiable organisms and debris were: identifiable organ- 
isms, 62 per cent; animal debris, 34 per cent; plant debris, 4 per cent. 

During the later afternoon a large number of chironomids began to 
transform over shallow shoal areas. Their emergence attracted a 
large part of the grayling population, and for about a half hour, or 
until a sudden shower began, the water literally boiled with rising fish. 
A No. 18 Black Gnat fly was used for the collection of specimens, and 


TABLE 3. STOMACH CONTENTS OF FORD LAKE GRAYLING. BASED ON A 
SERIES OF FIVE MALES AND FOUR FEMALES COLLECTED APRIL 21, 1938. 
SEE TEXT FOR DETAILS 
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so avid were the grayling that almost every cast drew a strike. It is 
not surprising that the Diptera as a group composed 30.6 per cent by 
volume of the food taken. The large amounts of Odonata nymphs 
(33.3 per cent) and aquatic Coleoptera (13.9 per cent) probably indi- 
cate that the grayling had been occupying and feeding over the shoal 
areas for some time prior to the peak of the midge emergence. 
Collection No. 2—Eleven males and seven females were taken by 


TABLE 4. STOMACH CONTENTS OF FORD LAKE GRAYLING. BASED ON 
A SERIES OF ELEVEN MALES AND SEVEN FEMALES COLLECT- 
ED MAY 8, 1938. SEE TEXT FOR DETAILS 
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Notonectidae 
Gerridae (A) 
Coleoptera 
Haliplus sp. (A)- 
Coptotomus sp. (A 
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Dytiscidae (L) 
Dytiscidae (A) 
Gyrinidae (A) 
Trichoptera 
Sericostomatidae (L) 
Diptera 
Tanypodinae (P) - 
Chironominae (L) 
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means of artificial flies on May 8, 1938. The size ranges of these 
specimens were as follows: standard length, 172 to 216 millimeter, 
average 199.8 millimeters; total length, 220 to 253 millimeters, aver- 
age 233.6 millimeters; weight, 57.6 to 112.0 grams, average 91.5 grams 
(Table 4). The percentages of identifiable organisms and debris were : 


identifiable organisms, 64.6 per cent; animal debris, 30.2 per cent; 
plant debris, 5.2 per cent. 


When this collection was made, great numbers of empidids, or dance- 
flies, were swarming over the water. Their ready availability, coupled 
with the gregarious habits of feeding grayling, doubtless explains the 
fact that the empidids alone accounted for over two-thirds of the total 
volume of Diptera consumed. Nymphs of Enallagma hageni, although 
bulking slightly smaller than the empidids, were taken more generally, 
and were encountered in all but three stomachs. Corixidae were even 
more prevalent and, although making up only 4 per cent of the total 
volume, occurred in all eighteen stomachs. Of the terrestrial insects, 
only the Hymenoptera made a significant contribution to the diet. The 
group was represented almost entirely by large winged females of the 
common carpenter ant, Camponotus herculeanus pennsylvanicus. 
Adults of the minute dytiscid beetle, Bidessus sp., found commonly in 
the grayling stomachs previously reported on, occurred only in the 
May 8 collection. 

Collection No. 3—A series of seventeen males and eleven females 
was collected by means of a graded gill net set at 9:30 p.m., July 5, 
and lifted at 10:00 a.m., July 6, 1938. The size range of these indi- 
viduals was as follows: standard length, 214 to 250 millimeters, aver- 
age 226.5 millimeters ; total length, 254 to 295 milimeters, average 268.9 
millimeters; weights not available (Table 5). The percentages of 
identifiable food organisms and debris were: identifiable organisms, 
52.7 per cent; animal debris, 40.3 per cent; plant debris, 7.0 per cent. 

Stomachs from this collection contained a higher percentage of 
plankton (4.3 per cent, composed almost entirely of Bosmina) than any 
others reported here. The Odonata, although still well represented, 
were at their lowest point, probably because the peak of the emergence 
season had just passed. The extraordinarily large amount of Diptera, 
made up almost wholly of larvae and pupae of a chironomine midge 
tentatively determined as Limnochironomus modestus, is almost cer- 
tainly due to increased activity on the part of these organisms in an- 
ticipation of emergence. As a result the midges were detected and 
captured more readily by the grayling than is usual. The same con- 
clusion is even more certainly justified as an explanation of the 
abundance of the Trichoptera which, represented almost entirely by 
pupae of Oecetis inconspicua, made the first significant contribution 
to the diet by this group since the inception of the study. 

It is possible that an explanation of the small amounts of water 
beetles and all terrestrial insects present in these stomachs lies in the 
fact that the collection was made at night, when few terrestrial in- 
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TABLE 5. STOMACH CONTENTS OF FORD LAKE GRAYLING. BASED ON A 
SERIES OF SEVENTEEN MALES AND ELEVEN FEMALES COLLECTED 
JULY 5 AND 6, 1938. SEE TEXT FOR DETAILS. 
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sects were available, and by means of a gill net, which was set too 
deep to take individuals feeding at or very near the surface. A col- 
lection made just at dusk or nearer the surface might have revealed 


a larger proportion of terrestrial and surface-inhabiting aquatic in- 
sects. 


Another, perhaps more probable explanation, is that the surface 
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layer of the water, which warmed to 76° F. during the afternoon pre- 
ceding the net-set, may have had a sufficiently high temperature to 
exclude the grayling from it. 


Collection No. 4—On October 29 and 30, 1938, nine males and seven 


TABLE * 5 STOMACH ber pty OF FORD LAKE GRAYLING. BASED ON A 


SERIES NINE MALES AND SEVEN FEMALES COLLECTED 
29-30, 1938. SEE TEXT FOR DETAILS. sinemne 
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females were taken on artificial flies. The size ranges of these speci- 
mens were as follows: standard length, 230 to 258 millimeters, average 
246.5 millimeters; total length, 275 to 311 millimeters, average 292.8 
millimeters ; weight, 154.4 to 224.8 grams, average 185.3 grams (Table 


TABLE 7. STOMACH CONTENTS OF FORD LAKE GRAYLING. BASED ON A 
SERIES OF FOUR MALES AND SIX FEMALES COLLECTED MARCH 1-2, 
1939. SEE TEXT FOR DETAILS 
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TABLE 8. STOMACH CONTENTS OF BLUEGILLS FROM FORD LAKE, MICH- 

IGAN. BASED ON A SERIES OF NINE SPECIMENS COLLECTED OCTOBER 

28-29, 1938. (Size Ranges: Standard length 15-26 millimeters, average 21.8 milli- 
meters; total length 18-23 millimeters, averaging 27.4 millimeters) 


anisms 
mach 


Organism 


Number of 
individuals 
Number of 
stomachs contain- 
ing organisms 
Most 

in any sto: 

Least organisms 
in any stomach 
Average number 
of organisms in 
stomachs con- 
taining them 
Percentage of 
total volume, 
less debris 


Entomostraca 
Malacostraca 
Hyalella knickerbockeri.. 
Ephemeroptera 
Paraleptophlebia sp 
Diptera 
Chironomus spp 


wo CO 
o 


6). 
ide 
pla 
ter 
ear 
im 
in 
st 
fa 
Organism 
T. 
L 
11.0 
trace 
3.0 
1.3 
0.9 
Ls 
0.9 
11.6 
2.9 
2.7 
9.3 
18.7 
0.3 
0.3 
34.0 
| 
on 
22 
#3 
Aa 
1 147 
1 2 
1 3 
2 15 


| 


Food of Montana Grayling and Bluegill 253 


6). The percentages of identifiable food organisms and debris were: 
identifiable organisms 63.4 per cent; animal debris, 28.3 per cent; 
plant debris, 8.3 per cent. 

In this collection the diet was dominated by adult aquatic Coleop- 
tera, especially Dytiscidae (Acilius and Coptotomus) and Gyrinidae, 
each family represented by two species. The Odonata were next in 
importance; almost all of their volume was due to nymphs of Anaz 
junius. The cooling of the surface waters is reflected in the marked 
increase in the diet of a wide variety of terrestrial insects, demon- 
strating a willingness on the part of the grayling to feed at the sur- 
face when temperature conditions are favorable. 

For the first time fish appeared in the diet. It may be concluded 
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that the grayling were at this time just attaining a size sufficient to 
enable them to prey upon the small bluegills. Svetvidov (1931) stated 
that the white grayling from Lake Baikal feeds on fish and amphi- 
pods; Heckel and Kner (1858) and von Siebold (1863) listed min- 
nows and fry as regular items in the food of the European grayling. 
Huitfeldt-Kaas (1917) reported finding three small Cottus poecilopus 
in stomachs of European grayling. As has been pointed out above, 
there are no known records of the Michigan grayling feeding upon 
fish, and the only record of Montana grayling feeding on fish is based 
on a rather unnatural situation where trout fry were abnormally 
abundant, just below the drainage outlet of a fish hatchery. 
Collection No. 5—On March 1 and 2, 1939, four males and six fe- 
males were secured by angling through the ice. Burrowing mayfly 
nymphs were used as bait. The size ranges of the specimens were: 
standard length, 230 to 269 millimeters, average 252.2 millimeters; 
total length, 272 to 314 millimeters, average 298.3 millimeters; weight, 
179 to 240.5 grams, average 212.0 grams (Table 7). The percentages of 


TABLE 10. STOMACH CONTENTS OF BLUEGILLS FROM FORD 


LAKE, 
MICHIGAN. BASED ON A SERIES OF be na eee SPECIMENS COLLECTED 
OCTOBER 28-29, 1938. (Size Range: Standard length 105-130 millimeters, aver- 


age 117.8 millimeters; total length 132-160 millimeters, average 146.8 millimeters) 


ch 


nisms 
ma 


8 


in any stomach 
Average number 
of organisms in 
stomachs con- 
taining them 
Percentage of 
total volume, 
less debris 


Most o 
in any 


NWumber of 

species 

Mumber of 

individuals 

Number of 

ing organisms 

Least organisms 


Annelida 
Lumbricidae 
Mollusca 


Malacostraca 
Hyalella knickerbockeri 
Odonata 


Celithemis elisa 
Trichoptera 
Phryganeidae 
Diptera 
Chironomidae 
Ceratopogonidae 
Hydracarina 
Hydrachnidae 
Orthoptera* 
Ceuthophilus meridionalis.... 
Coleoptera* 
Carabidae 
Animal debris 
Plant debris 


*Terrestrial organisms 


id 
7 
ce 
te 
ti 
W 
b 
2.2 
Musculium 0.4 
Gomphus 13.1 
10.6 
Tetragoneuria cynosura 
18.6 
Ladona julia 35.4 
4.7 
0.7 
0.5 
trace 
trace 
6.6 
0.2 
2.6 
a 0.4 


Food of Montana Grayling and Bluegill 255 


identifiable food organisms and debris were: identifiable organisms, 
71.8 per cent; animal debris, 17.0 per cent; plant debris, 11.2 per 
cent. 

Aside from the large amount of bluegill fry consumed, the most in- 
teresting feature of this collection was the occurrence, for the first 
time, of significant amounts of snails. Dragonfly nymphs and adult 
water beetles were abundant, as usual. Aquatic Diptera, represented 
by chironomine larvae, were present in negligible quantity. 


Foop OF THE BLUEGILL AS RELATED TO THE WELFARE OF THE 
GRAYLING 


An examination of the figures listed in Tables 2, 8, 9, and 10, shows 
at a glance that bluegills and grayling in Ford Lake feed largely upon 
the same groups of invetebrates. There are apparent considerable 
differences among the diets of the three size groups of bluegills. Mem- 
bers of the group of smallest fish fed almost exclusively on plankton, 
small mayfly nymphs and chironomids. Plankton, chironomids and 
aphids bulked about the same in the group of middle-sized fish, but 
the Odonata were almost as abundant, and many other organisms 
were present in smaller amounts. The largest specimens fed on anisop- 
teran dragonfly nymphs almost to the exclusion of other groups. It 
would appear that members of the group of middle-sized individuals 
fed at the surface more readily than did the smallest or largest in- 
dividuals. 

Some workers believe that competition from more aggressive, in- 
troduced species of fish is the principal cause for the extinction of 
the Michigan grayling and for the current decrease in the numbers 
of Montana grayling in some of their native waters many of which, 
in recent years, have been stocked with brown, rainbow, and eastern 
brook trout. 

There exists a strong likelihood that the grayling will fail rapidly 
in Ford Lake, due to the competitive food habits of the prolific blue- 
gill. Already there have been noted indications of a marked drop 
in the grayling population and although definite figures will not be 
available until the population has been removed it is hardly open 
to question that the great increase in the number of bluegills has 
already had a serious effect upon the grayling. The completion of 
the Ford Lake experiment should provide an answer to the question 
of whether or not a non-reproducing population of Montana grayling 
ean live and grow successfully in a lake which contains such a fecund 
and highly competitive species as the bluegill. 


LITERATURE CITED 


Brown, C. J. D. 
1938. The feeding habits of the Montana grayling (Thymallus montanus). 
Jour. Wildlife Management, Vol. 2, No. 3, pp. 135-145. 


to 
ted 
1in- 
ng, 
pus 
ve, 
on 
sed 
lly 
fe- 
fly 
re: 
TS; 
ht, 
of 
Ez, 
ED 
rer- 
rs) 
2 

a 

a 
2 

e 

e 


256 American Fisheries Society 


Heckel, J., and R. Kner 


1858. Die Siisswasserfische der Gstreichischen Monarchie, mit Riicksicht auf die 
angranzenden Linder. S. x, + 388. Wilhelm Engelmann, Leipzig. 


Huitfeldt-Kaas, H. 


1917. Mjgsens Fisker og Fiskerier. Kgl. Norske Videnskabers Selskabs 
Skrifter, 1916, Nr. 2, S. iv, + 257, Trondhjem. 


Leonard, J. W. 


1939. The feeding habits of the Montana grayling (Thymallus montanus 


Milner) in Ford Lake, Michigan. Trans. Am. Fish Soe., 1938, Vol. 68, 
pp. 188-195. 


Svetvidov, A. 


1931. Beitrage zur Systematik und zur Biologie der Awschen des Baikalsees. 
Trav. Stat. Limn. Lac. Bajkal, Leningrad, Vol. 1, pp. 1-199. 


von Siebold, C. Th. E. 


1863. Die Siisswasserfische von Mitteleuropa. 8. viii + 430. Wilhelm Engel 
mann, Leipzig. 


EFFECT OF ORGANIC AND INORGANIC FERTILIZERS ON 
PLANKTON PRODUCTION AND BLUEGILL BREAM 
CARRYING CAPACITY OF PONDS! 


E. V. Smiru anp H. 8. 
Alabama Agricultural Experiment Station, Auburn, Alabama 


ABSTRACT 


Small, exeavated ponds were stocked with one-year-old bluegill bream 
(Lepomis macrochirus) in May, 1936, and drained in November. The num- 
ber and total weight of fish in each pond were determined. Different ponds 
were fertilized with an inorganic fertilizer, laying mash, cottonseed meal, 
and cottonseed meal and superphosphate. Water samples were taken from 
each pond at intervals of two weeks throughout the season for quantitative 
and qualitative plankton determinations. 

An unfertilized control pond had the lowest average plankton production 
and -the lowest carrying capacity for bluegill bream. The pond fertilized 
with cottonseed meal alone had the next lowest average plankton production 
and the next lowest carrying capacity. The pond fertilized with laying mash 
produced an average plankton yield about one and one-half times as great as 
that fertilized with cottonseed meal, and the increase in carrying capacity 
for bluegills was of the same magnitude. Adding superphosphate to the 
cottonseed meal doubled the average plankton production and almost doubled 
the carrying capacity for bluegill bream. An inorganic fertilizer proved best, 
producing the greatest amount of plankton and fish. 

When inorganic fertilizers were used the entire food supply of the pond 
was dependent upon the production of phytoplankton but when organic 
fertilizers were used, they were partly utilized directly by animal organisms 
and the phytoplankton phase was more or less omitted. Consequently, or- 
ganic fertilizers may produce the same fish yields as inorganic fertilizers but 
at lower levels of plankton abundance. 


INTRODUCTION 


Under natural conditions most fish are dependent, either directly or 
indirectly, on plankton for food. Some species, such as goldfish 
(Carassius auratus), golden shiners (Notemigonus crysoleucas) and 
gizzard shad (Dorosoma cepedianum) use phytoplankton, along with 
various groups of organisms, for food. Others, like bluegill bream 
(Lepomis macrochirus), small crappie (Pomozis nigro-maculatus and 
P. annularis), and small black bass (Hwuro salmoides and species of 
Micropterus) feed on zooplankton and the larvae of various insects. 
These food organisms in turn, eat phytoplankton directly, or the bac- 
teria that decompose phytoplankton and other organic matter. Large 
crappie and black bass feed on the smaller fish and are, therefore, indi- 
rectly dependent on plankton. 

Since plankton is so important, any factor that would increase the 
production of plankton, should increase fish production also. Pond- 
fish-culturists have used many fertilizers in an effort to increase the 


1Published with the approval of the Director. 
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productivity of ponds. Various organic fertilizers, alone or with su. 
perphosphate, have been used widely in hatcheries in this country, 
Davis and Wiebe (1930) used a mixture of sheep manure and super. 
phosphate in bass-rearing ponds with good results. They also obtained 
satisfactory results with soybean meal. Meehean (1933) tried sheep 
manure, cow manure, cottonseed meal, and soybean meal as fertilizers 
for bass-rearing ponds. Soybean meal was more efficacious in pro- 
ducing organisms than sheep manure, and cottonseed meal was better 
than soybean meal in this respect. Hogan (1933) fertilized bass-rear- 
ing ponds with various organic and inorganic fertilizers. The best 
results were obtained from a mixture of cottonseed meal and super- 
phosphate. Davis and Wiebe (1930) discussed the use of inorganic 
fertilizers (phosphorus, potassium, and nitrogen) by several European 
workers. Swingle and Smith (1939a) found that the use of a com- 
plete inorganic fertilizer greatly increased the production of plankton 
and fish. 

Meehean (1935) stated, ‘‘Samples taken in ponds, espee sially with 
reference to Oklahoma and Louisiana, have revealed that phy toplank- 
ton is of minor importance as to volume and numbers.’”? As a result 
of his studies on ponds fertilized with cottonseed meal, he concluded 
(loc. cit.), ‘‘In fertilized ponds the organic matter from zooplankton 
and phytoplankton sources is insignificant as compared with that from 
bacteria.’” Smith and Swingle (1939), on the other hand, found that 
phytoplankton constituted the bulk of the organic matter in ponds fer- 


tilized with inorganic fertilizers. A positive and almost proportionate 
relationship between average plankton production and carrying capac- 
ity for bluegill bream was found. The present paper gives the results 
of fertilizing ponds with organic and inorganic fertilizers, and helps 
to explain the differences between the findings of Meehean and of 
Smith and Swingle. 


EXPERIMENTAL METHODS AND RESULTS 


The experiments were conducted in a series of small excavated 
ponds. Each pond had an area of approximately 334 square feet 
and a uniform depth of 3 feet. The water supply for the ponds 
flowed by gravity through a pipe line that led from an unfertilized 
storage pond. Each pond was stocked, on May 22, 1936, with 100 
fingerling bluegill bream (Lepomis macrochirus). The total weight of 
fish placed in each pond was 1.25 pounds, equivalent to approxi- 
mately 180 pounds per acre. 

Pond 15 was fertilized with an inorganie fertilizer consisting of su- 
perphosphate, ammonium sulfate, and basic slag. Four equal applica- 
tions of fertilizer were made on May 22, June 19, July 29, and Septem- 
ber 3, the total being 42 pounds of superphosphate, 8 pounds of ammo- 
nium sulfate, and 40 pounds of basic slag. Pond 4 received 1 pound of 
cottonseed meal at weekly intervals during the experiment, and Pond 
6 received laying mash at the same rate and interval. One pound of 
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cottonseed meal was added to Pond 18 each week, and 42 pounds of 
superphosphate was added in four equal applications. Pond 5 was an 
unfertilized control. Methods of distributing inorganic fertilizers over 
small ponds, and the most effective ratios of inorganic constituents of 
the fertilizers were discussed by Swingle and Smith (1939a, 1939b). 

A representative water sample was taken from each pond every two 
weeks, and quantitative and qualitative plankton determinations were 
made. Methods used in taking the samples and in making the determi- 
nations were those described by Smith and Swingle (1939). The 
amount of plankton (as p.p.m. organic matter) present in each pond 
on each sampling date is recorded in Table 1. The average plankton 
production for each pond from the beginning of the experiment up 
to and ineluding the sample for each date is recorded in the same table; 


the average at the last sampling date is considered to be the average 
for the season. 


TABLE 1. PLANKTON PRODUCTION IN PONDS FERTILIZED WITH VA- 
RIOUS ORGANIC AND INORGANIC FPERTILIZERS' 


Average plankton production 
Plankton present (as to date (as p.p.m. organic 
p.p.m. organic matter) matter) 


Pond 5 
Pond 4 
Pond 18 
Pond 15 
Pond 5 
Pond 4 
Pond 6 
Pond 18 
Pond 15 


= 


August 21 
September 11 
September 25 
October 9 
October 23 


~ 
OD MOS 
09 09 09 69 D909 DD 


2.9 
4.8 
4.5 
6.3 
5.4 
4.3 
4.0 
8.3 
6.3 
6.6 
2.9 


to to DS 


14. 
15.4 

1Organic fertilizers added each week and inorganic fertilizers added in four 
equal quantities on May 22, June 19, July 29, and September 3, 1936. Pond 5 
was an unfertilized control, Pond 4 received cottonseed meal, Pond 6 received 


laying mash, Pond 18 received cottonseed meal and superphosphate, and Pond 
15 received superphosphate, ammonium sulfate, and basic slag. 


tw 


The ponds were drained November 17 and 18, 1936. The bluegills 
from each pond were counted and weighed. The fish, which were a 
year old at stocking, spawned in every pond. There was some mor- 
tality in all the ponds; 61 per cent of the original stock died in Pond 
5, 26 per cent in Pond 4, 23 per cent in Pond 6, 12 per cent in Pond 
15, and 10 per cent in Pond 18. The number and weight of fish are 
recorded in Table 2. 


Tur RELATIVE EFFECTIVENESS OF INORGANIC AND ORGANIC FERTILIZERS 


Pond 15, which received inorganic fertilizer, had the highest plank- 
ton production and also the highest carrying capacity for bluegill 
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TABLE 2. AMOUNT OF STOCKING AND CARRYING CAPACITY FOR 
BLUEGILL BREAM IN PONDS FERTILIZED WITH VARIOUS ORGANIC 
AND INORGANIC FERTILIZER 


Placed in ponds May Recovered from ponds 
22, 1936 Wovember 17 and 18, 1936 


a 
Pond Fertilizer an o8 
° 
100 180 29 35 92.7 
4 Cottonseed meal oe 100 180 74 286 295.4 
100 180 77 405 451.8 
18 Cottonseed meal and su- 
100 180 90 878 578.8 
15 ammo- 
nium sulfate, basic slag. 100 180 88 184 588.0 


1One year old when placed in ponds. 
2Hatched in ponds. 


bream. This is not in accord with Meehean’s statement (1935) : ‘‘ Fer- 
tility cannot be maintained through the use of commercial fertilizers 
alone since carbohydrate material is indispensable to bacterial activity 
in the pond.’’ In making this statement, Meehean failed to take into 
consideration the fact that commercial fertilizers may induce a heavy 
growth of green algae. These plants possess chlorophyll, carry on 
photosynthesis, and manufacture carbohydrates. As a matter of fact, 
these organisms supply organic nitrogen as well as organic carbon to 
bacteria and other organisms. 

No pond in which an organic fertilizer was used gave as high a yield 
as did the pond fertilized with the inorganic fertilizer. Pond 4, fer- 
tilized with cottonseed meal alone, had an average plankton produc- 
tion of 7.8 p.p.m. organic matter, and supported 295.4 pounds of blue- 
gill bream per acre. Pond 15, which received the inorganic fertilizer, 
had an average plankton production of 31.0 p.p.m. organic matter, 
and a carrying capacity of 588 pounds of bluegills per acre. The two 
ponds had approximately a 1:4 ratio with respect to plankton, but 
only a 1:2 ratio with respect to fish. When the productivities of the 
other ponds were compared with those of Pond 15, the following ratios 
were found: for Pond 6, to which laying mash was applied, 1:3 for 
plankton and 1:1.5 for bluegills; for Pond 18 that received cottonseed 
meal and superphosphate, 1:2 for plankton and 1:1.0 for fish. 

In other words, the concept of a positive and proportionate rela- 
tionship between plankton production and carrying capacity does not 
apply when ponds that have been fertilized with organic fertilizers 
are compared with those in which inorganic fertilizers have been used. 
This apparent discrepancy is not unexpected and is explained readily. 
Organic fertilizers, such as cottonseed meal and laying mash, may be 
eaten directly by fish. Hogan (1933) reported that young bass ate 
cottonseed meal, and bream have been observed eating cottonseed 
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meal and laying mash at this Station. Some fishermen throw laying 
mash about their lines to attract fish. The stomachs of bream caught 
under such conditions have been found to contain this material. The 
organic matter of these materials is eaten directly by some of the zoo- 
plankton organisms; it is utilized also by the bacteria that are used for 
food by many of the zooplanktonts, as was pointed out by Meehean 
(1933, 1935). The organic matter of cottonseed meal and laying mash 
apparently is not available directly to the more desirable species of 
phytoplankton. It is probable that the nitrogen, phosphorus, and 
other minerals do not become available to the phytoplankton until after 
bacterial decomposition has occurred. 

When inorganic fertilizers are used, the nitrogen, phosphorus, po- 
tassium, and other elements present are in a form readily available 
to the green plants constituting the phytoplankton. As a result, rela- 
tively heavy growths of phytoplankton may develop following the use 
of inorganic fertilizers. It has been indicated already that phyto- 
plankton normally is not eaten by game and pan fish. Although it is 
eaten by some forage minnows and by various insect larvae and some 
of the larger zooplanktonts, it is probable that the bulk of the phyto- 
plankton must be utilized by bacteria before it reaches a stage util- 
izable by bream. Thus, when the productivities of Ponds 15 and 18 
are compared, it is seen that Pond 15 supported approximately 10 
more pounds of fish per acre than Pond 18, but that the former had 
about twice the average plankton production of the latter. 

When the productivities of ponds receiving various organic fer- 
tilizers are compared, the relationship between average plankton pro- 
duction and carrying capacity may not be positive and proportionate. 
The fish themselves might throw the relationship out of balance by 
eating one organic material directly and not eating another; this situ- 
ation is not inconceivable when cottonseed meal, soybean meal, or lay- 
ing mash is compared to manure. The nutrient balance of the fertilizing 
material also affects the relationship between plankton and fish; the 
carbon-nitrogen ratio of one material might be such that most of the 
nitrogen would be utilized by the bacteria bringing about the decom- 
position of the material, whereas that of another material might be 
such that a considerable amount of nitrogen would be liberated as 
ammonia and utilized by phytoplankton. 

Although the relationship between average plankton production 
and bluegill bream production may not be proportionate when various 
organic fertilizers are used, the trends may be in the same direction. 
For example, Pond 4 had an average plankton production of 7.8 p.p.m. 
organic matter and a carrying capacity for bluegill bream of 295.4 
pounds per acre; Pond 6 had 10.6 p.p.m. and 451.8 pounds; and Pond 
18 had 15.4 p.p.m. and 578.8 pounds. 

It is interesting to note that the addition of superphosphate to cot- 
tonseed meal doubled the average plankton production and increased 
the carrying capacity for bluegill bream by four-fifths. The increased 
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fish production resulting from the addition of superphosphate agrees 
with the results of Davis and Wiebe (1930), and Hogan (1933). The 
increase in average plankton production explains, at least partially, the 
frequently observed increase in fish production following the addition 
of superphosphate to organic fertilizers. 

Although algae did not always form the major part of the plank. 
ton in ponds in which organic fertilizers were used, they always were 
present regardless of the source of the fertilizer. 
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METHODS OF COLLECTING OYSTER SPAT 


BoNNOT 


California Division of Fish and Game 
San Francisco, California 


ABSTRACT 


An important phase of the program for the rehabilitation of the once 
prosperous oyster industry of California has been the development of more 
efficient collectors for taking natural larvae to be reared on artificial beds. 
Two exceptionally efficient types of collectors were developed. Their increased 
efficiency was due to the fact that larvae set on both the upper and lower 
sides of their horizontal surfaces. Older types of collectors ordinarily take 
larvae in abundance only on the lower sides of horizontal surfaces. 


From 1870 to 1900 the California oyster industry was a prosperous 
affair, based on eastern oysters (Ostrea virginica), shipped as seed 
and grown to maturity in San Francisco and Tomales Bays. About 
1900 some factor or factors of the natural environment were altered. 
The old type of oyster grower conducted his operations by trial and 
error, maintaining no record of environmental conditions. We there- 
fore have no means of knowing how present conditions differ from 
those which originally prevailed. Although the nature of the changes 
were not apparent they were of sufficient importance to prevent the 
growth and maturing of oyster seed. As a result, the industry nearly 
disappeared. From 1910 to 1931 the industry consisted of importing 
native or Olympia oysters from Puget Sound for immediate use, and 
adult eastern oysters, to be held in San Francisco and Tomales Bays 
until sold. 

In 1931 the present program of oyster culture was inaugurated. As 
we were faced with the problem of creating a fishery rather than with 
the investigation of one already established, it was considered ad- 
vantageous to distribute our efforts among several lines of endeavor. 
The program that was drawn up had three distinct phases. First, 
an attempt was made to grow eastern oysters from imported seed ; 
second, the seed of Japanese oysters (O. gigas) was introduced into 
some bays and inlets; and third, the culture and commercial produc- 
tion of the native or Olympia oyster (0. lurida) were undertaken. 

Water temperatures on the Atlantic Coast fluctuate over a much 
greater range than do those of the West Coast. The eastern oyster 
is accustomed to a summer temperature of 30° to 35°C., while sub- 
zero conditions prevail during the winter. During the summer season 
temperatures of the water on the West Coast reach 25°C. only ocea- 
sionally, and during the winter they seldom fall below 5°C. We have 
found that seed oysters from the more northern localities on the At- 
lantie Coast, where the water summer temperatures more nearly ap- 
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proximate those of the West Coast, can be grown in California waters 
successfully. An increasing quantity of these locally matured oysters 
is being sold yearly. 

The Japanese oyster, in its native habitat, is accustomed to much 
the same range of water temperatures as the eastern oyster. How. 
ever, this species is very hardy and will grow rapidly under very 
adverse conditions. No difficulty has been encountered in growing 
it from seed. Because of the high temperatures in the winter the 
Japanese oysters do not hibernate but continue growing during that 
period. We have been able in one experiment to put these oysters 
on the market eight months after planting the seed. <A period of three 
years would be necessary in Japan to bring them to a comparable size. 

Only exceptionally do the eastern oysters spawn in local waters 
and no set has been obtained. The Japanese oyster spawns readily 
but so far the swimming larvae have never reached the growth stage 
necessary for setting. The absence of one or more organisms in the 
food chain appears to be the inhibiting factor. 

The Olympia oyster is an indigenous species and therefore pre- 
sents fewer obstacles to successful culture. It has an extensive local 
consumption and brings a much higher price than do the other species. 
In view of these facts we have devoted the larger portion of time and 
effort in an endeavor to cultivate the native form. Humboldt Bay, 
which has several extensive natural beds of these oysters and large 
areas free from pollution, was selected as the logical locality in which 
to proceed with this phase of the program. Several private companies 
have built artificial beds in Humboldt Bay by hardening the bottom 
with sand and gravel and surrounding these areas with wooden dikes 
to maintain from 4 to 6 inches of water over them at low tide. These 
beds have been planted with seed oysters caught on artificial collectors 
laid out at the proper time in proximity to the natural beds. 

Although we speak of oyster culture, oysters cannot be included 
in the same category as many so-called domesticated animals. The 
life history of oysters is well known but they cannot be propagated 
artificially and their natural environment does not lend itself readily 
to human manipulation. In common with all organisms in a natural 
environment the oyster population is maintained in a state of equili- 
brium by the counter-balancing effects of favorable and unfavorable 
conditions. The fecundity of oysters is enormous and the destructive 
potentialities of the natural checks to an increase in abundance are 
therefore correspondingly large. 

We cannot increase the oyster population by purely artificial means, 
but so abundant are the swimming larvae that if we are able to sup- 
press partially some inhibiting factor or factors an enormous number 
ean be saved that otherwise would die. One of the most obvious checks 
is the lack of sufficient surfaces to which the swimming larvae can 
attach themselves. On a natural bed this surface which consists of 
the dead shells of previous generations of oysters, more or less buried 
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in the mud and covered with silt and marine growths, is by no means 
adequate to the setting of all the larvae. To alleviate the loss we offer 
an extensive surface of some clean, hard material on which the larvae 
may set. This material should be placed in the water as near the set- 
ting time as possible in order to avoid the accumulation of silt or the 
growth of other organisms. 

In the past many materials have been used for this purpose with 
varying suecess. The Romans used oyster shells and twigs, the French 
used a curved tile covered with cement and sand and the Japanese 
use bamboo sticks, tarred rope and clean shell strung on wires. 

It is important to determine the proper time at which to place the 
collecting surfaces in the water. So far, our knowledge is not ex- 
tensive enough to enable us to determine this time in advance. The 
native oyster spawns when the water temperature reaches a minimum 
of 13°C., but spawning and setting apparently are controlled by dif- 
ferent combinations of environmental factors. We have extensive 
data relating to temperature, salinity, pH, rainfall and tidal heights 
and cycles, but we have been able to obtain only occasional and un- 
certain correlation between some combinations of these factors and 
the cycles of setting. One point, however, seems fairly well established. 
The water temperature is undoubtedly the agent that sets off the 
reaction when an optimum combination of the other factors has been 
attained. 

We have been more successful in our endeavors to develop spat 
collectors of high efficiency, than in predicting when to use them. The 
first collectors were the paper separators of the type used in egg crates, 
dipped in a mixture of cement and sand. They were fairly successful 
on a hard bottom but where there was much silt, or where the bot- 
tom was soft, the cells filled up with mud, thus lowering the col- 
lector’s efficiency. As the larvae swim upside down, with the foot 
uppermost, it has been found that the majority of spat is taken on 
the under side of a horizontal surface, progressively smaller numbers 
appearing on vertical and upper horizontal areas. To offset the dis- 
advantages of the regular egg-crate fillers, Hopkins (1937) developed 
the ‘‘government collector.’’ This collector consists of a paper unit 
of two rows of seven cells each. The cells are of the same height and 
width but are twice as long as those of the egg-crate filler. The shape 
of this collector causes it to lie on its side with the result that most 
of its surface is presented horizontally. The ‘‘government collector”’ 
is adapted particularly well for shallow water. 

In 1936 an experiment with ply-wood collectors was carried out in 
Humboldt Bay. From a local manufacturer were obtained units 
which are known as lettuce-crate tops. These units consist of five 
strips of thin ply-wood, each 214 by 22 inches, spaced 1 inch apart, 
and stapled at the ends to cross pieces which are 1 by 34 inch. These 
collectors were dipped in a mixture of cement and sand and were 
fastened together in sets of five or six, one above the other, so that a 
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maximum horizontal surface was obtained. The surfaces of the as- 
sembled collectors were separated by a distance of three-quarters of an 
inch. A current of water flowing through these narrow spaces be- 
tween the rough, uneven cemented surfaces will roll and eddy. Con- 
sequently any swimming spat that may be present will be tumbled 
and whirled, and thus be more likely to come into contact with both 
the upper and lower surfaces. The scouring action of this turbu- 
lent current also keeps the surfaces free from silt. The results ob- 
tained by the use of this collector differed greatly from those of pre- 
vious experiments in spat collecting. The lower horizontal surfaces 
obtained an average set of sixty-seven larvae per square inch, which 
eatch was excellent in itself, but in addition the upper surfaces, sel- 
dom considered as a catching area, took an average of ninety-eight 


Figure 1.—Various types of oyster spat collectors: (1) two sections of lettuce 
crate top; (2) the government collector; (3) the modified government collector; 
(4) the regular egg-crate collector. 


larvae per square inch. The logical explanation of this unusual phe- 
nomenon would seem to be that in the turbulent water between the 
surfaces the slight pull of gravity caused more of the swimming spat 
to fall on the usually silted, but in this collector, clean surface below 
them. 

One difficulty has developed in connection with the use of this col- 
lector. Tiny wood fibers of the rough ply-wood are embedded in the 
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cement coating with the result that the removal of the cement with 
the attached oysters has proved to be a slow and costly operation. As 
an adult native oyster is roughly the size of a silver dollar it can be 
seen readily that only two or three of them can be grown to any size 
on a single square inch of surface. They must be separated, therefore, 
before they begin to become crowded. 

As the spacing between the layers in the ply-wood collector seems to 
have been the deciding factor in its efficient operation we have modi- 
fied the government collector to embody this desirable feature. As our 
modified collector is made of paper it can be broken up readily after 
the larvae have set. The cells of the government collector are 134 
inches square. By inserting two more horizontal sheets we obtain 
five horizontal surfaces approximately three-quarters of an inch apart. 

A study was made during 1938 of the relative efficiency of all the 
collectors in present use. (See Figure 1 for photographs of the differ- 
ent collectors.) Expressed in relative percentages they rank as follows: 

Lettuee-crate collector 

Modified government collector __ 
Government collector 


These results indicate that the two most efficient collectors are the 
lettuce-crate and the modified government collectors. The lettuce- 
erate collector has the disadvantage of being difficult to break up. 


The modified government collector costs too much at present. Experi- 
ments are now being conducted in an attempt to obtain some satis- 
factory combination of wood and cement, or a cement mixture that 


will separate more easily from the wood several months after the set 
has been taken. 
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PARASITES OF NORTHERN PIKE AND PICKEREL 


GrorcE W. Hunter, III 
Wesleyan University, Middletown, Connecticut 
AND 
J. Stewart RANKIN, JR. 
Amherst College, Amherst, Massachusetts 


ABSTRACT 


The parasitic fauna of the northern pike and two species of pickerel 
(Esocidae) from a Connecticut lake has been investigated. Two species of 
trematodes, two of tapeworms, one each of roundworms, spiny-headed 
worms, protozoa and parasitic crustacea are reported. The infestation of 
the Connecticut Lake Esocidae is compared with that of the same species 
from other localities. 


INTRODUCTION 


It is well known that many species of fishes thrive when transferred 
to new habitats. Furthermore it is recognized that introductions of 
exotic species, regardless of whether or not they occurred acciden- 
tally, often result in an extension of the range of that particular spe- 
cies of fish. However, comparatively little is known and recorded con- 
cerning the various groups of parasites that have unwittingly (and 
usually unintentionally as far as man is concerned) accompanied the 
host when it has been introduced into new environments. 

During recent years, in some states at least, northern pike and 
pickerel have been transferred from the nets of commercial fishermen 
to new localities, and utilized for the stocking of lakes and ponds. 
Consequently, it was felt desirable to present the data collected on the 
various groups of parasites found in and upon those species. Since 
little is known concerning the parasites of fishes of New England, a 
‘*‘typical’’ lake, Lake Pocotopaug at East Hampton, Connecticut, was 
selected as a source of host material. Attention was directed to the 
identification and distribution of the parasites found on and in the 
chain pickerel, Esoxr niger; the mud pickerel, E. americanus; and the 
northern pike, lucius. 


PARASITES OF LAKE PocoToPAUG ESOCIDAE 


Much has been recorded concerning the voracity of the pickerel in 
general and the northern pike in particular. Consequently one might 
expect to find evidence of dietary variation if their food were studied. 
That such expectations are not unwarranted may be seen from an 
account of the food of pickerel taken from this same lake (Hunter 
and Rankin, 1939). As a corollary to the above one might also expect 
to discover a wide diversity of intestinal parasites that had been 
brought in with the food of the northern pike and pickerel. This study 
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reveals that all pickerel over 9 centimeters in length were hosts to 
various species of parasites and that the larger and older the 
were, the greater was the degree of parasitism. 

It should be noted that altogether a total of eleven Esox americanus, 
eleven E. lucius, and thirty-seven E. niger were examined from Lake 
Pocotopaug. While the collections do not represent sufficient numbers 
for the purposes of statistical analyses, they probably provide a fairly 
accurate picture of the species of parasites present in these fishes in 
Connecticut. Van Cleave and Mueller (1934) did not state the num- 
bers of fishes of each species that they examined from Oneida Lake.! 
However, they did record a greater variety of parasites than noted 
here. Hunter and Hunter (1930, 1931, 1932, 1934) studied a total of 
6 E. americanus, 147 E. niger, and 67 E. lucius from other regions of 
New York State, thus supplementing the data furnished by Van Cleave 
and Mueller and furnishing a fairly accurate record of the parasites 
present that may serve as a basis for comparison with the data on the 
Esocidae from Lake Pocotopaug. 

The northern pike and two species of pickerel that were examined 
from Connecticut sheltered one species of protozoa, two of trematodes 
and tapeworms, and one each of roundworms, spiny-headed worms and 
ectoparasitic crustacea as listed below (immature forms are desig- 
nated by asterisks) : 


Esox niger 
Common: Azygia angusticauda; Macroderoides flavus. 
Occasional : Proteocephalus pinguis; Trichodina renicola. 
Rare: Proteocephalus ambloplitis ;* Spiruridae ;* Argulus versi- 
color. 
Esox americanus 
Common: Macroderoides flavus; Azygia angusticauda. 


Oceasional: Proteocephalus pinguis; P. ambloplitis ;* Trichodina 
renicola. 


Rare: Spiruridae.* 


Esox lucius 
Common: Azygia angusticauda. 
Oceasional : Proteocephalus pinguis. 
Rare: Proteocephalus ambloplitis ;* Spiruridae.* 
The degrees of infestation denoted above have the following per- 


centage values: abundant, 85 to 100; common, 50 to 84; occasional, 10 
to 49; and rare, 0.1 to 9. 


THE PRoTOzOA 


Trichodina renicola—This relatively large protozoan parasite was 
described by Mueller (1931), who found it in the urinary bladder of 
E. niger from Oneida Lake, New York. In Connecticut it was found 


1It should be noted that Van Cleave and Mueller had no data on E. americanus. 
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in 13.5 per cent and 45.4 per cent of the HE. niger and E. americanus 
respectively. When infection occurred it frequently extended into the 
kidneys, as great numbers of parasites were present. 


THE Parasitic Worms 


Macroderoides flavus—This small intestinal trematode was encoun- 
tered in 67.5 and 81.8 per cent of the FE. niger and E. americanus, re- 
spectively, taken from Lake Pocotopaug. These parasites were found 
along the entire length of the intestine but were especially plentiful 
in the lower one-third. Generally speaking more than ten parasites 
of this species were found in a single fish, infection with less being 
rare. Van Cleave and Mueller (1934) recorded this same parasite 
from E. niger taken in Lake Oneida, New York. It was found infre- 


quently by Hunter (unpublished data) in Esocidae from other parts 
of New York State. 


Azygia angusticauda—Trematodes of this species were characteris- 
tically located in the stomach of the host. They occurred in all three 
species of Esox from this lake and were present in 54.5, 67.5, and 81.8 
per cent respectively of the EF. lucius, FE. niger and EF. americanus. 
Van Cleave and Mueller (1934) reported them as occasional parasites 
in E. niger only. This parasite, however, occurred in both EF. niger 


and E. lucius in the northern regions of New York (Hunter, unpub- 
lished records). 


Proteocephalus pinguis—This tapeworm is one of the more common 
eestodes of northern pike and pickerel. It lies with its head, or scolex, 
attached to the upper part of the intestine and was found in 36.4, 18.9, 
and 18.1 per cent of the E. lucius, E. niger, and E. americanus, respec- 
tively, from Lake Pocotopaug. Proteocephalus pinguis was listed by 
Van Cleave and Mueller (1934) as ‘‘abundant’’ in EF. lucius and 
‘‘eommon’’ in E. niger from Oneida Lake. This tapeworm was quite 
common in these fish in New York (Hunter and Hunter, 1930, 1931, 
1932, 1934; Hunter, 1932). 


Proteocephalus ambloplitis—Tapeworms of this species were en- 
countered only as plerocercoid larvae and were recovered from the 
liver and more occasionally from other organs of the viscera. They 
oceurred in 18.1, 8.1, and 8.1 per cent, respectively, of the FE. ameri- 
canus, E. lucius, and E. niger. Van Cleave and Mueller (1934) found 
this form only in E. niger, while the host records of the senior author 
indicated the presence of P. ambloplitis larvae occasionally in E. lucius 
as well as E. niger. 


Spiruridae—Nematodes of this family were found in the body cavity 
of 8 or 9 per cent of all three species of pickerel that were studied. 

Leptorhynchoides thecatus—This form was encountered only in the 
great northern pike and then in only 9 per cent of the specimens ex- 
amined. Van Cleave and Mueller (1934) found it in both EZ. lucius 
and E£. niger. It likewise was encountered frequently by Hunter and 
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Hunter (1930, 1931, 1932, 1934) in both of these host species from 
other parts of New York. 


THE CRUSTACEA 


Argulus versicolor—This ectoparasitic crustacean was not common; 
it was found on only 8.1 per cent of the E. niger that were examined. 
It was not reported by Van Cleave and Mueller (1934). 


DISCUSSION 


Some of the most recent data concerning the distribution of fresh- 
water fish parasites were obtained by Van Cleave and Mueller (1934) 
and Bangham and Hunter (1939). The former studied Oneida Lake 
over a period of several summers and found and recorded a greater 
number of parasites than are listed for Connecticut. Hunter (1932), 
Hunter and Hunter (1930, 1931, 1932, 1934) likewise indicated that a 
wider variety of parasites are ordinarily found in the several species 
of Esox from various parts of New York. Bangham and Hunter 
(1939) also found a greater variety of parasites in fishes of Lake Erie 
than were found in those from Connecticut. 

For the sake of completeness, the various species of parasites re- 
ported by Van Cleave and Mueller or by Hunter and Hunter for the 
Esox of New York State that have not been found in the same species 


of fish from Connecticut follows (immature forms are designated by 
an asterisk) : 


Esox americanus 
Trematodes: Crassiphiala bulboglossa.* 


Esox niger 


Trematodes: Uvulifer ambloplitis* (?)*; Diplostomulum scheu- 
ringi;* Crassiphiala bulboglossa;* Microphallus ovatus; Buce- 
phalus elegans. 

Nematoda: Spinitectus gracilis; Heduris tiara. 

Acanthocephala: Neoechinorhynchus cylindratus; N. tenellus; 
Leptorhyncoides thecatus. 

Annelida : Leech. 


Esox lucius 
Trematodes: Crassiphiala bulboglossa;* Uvulifer ambloplitis 
(2)°; Phyllodistomum superbum (2); Centrovarium lobotes; 
Macroderoides flavus; Plagiocirrus primus. 
Nematodes: Tetraonchus monenteron; Spinitectus gracilis. 
Cestodes : Pseudophyllidea. 


Acanthocephala: Neoechinorhynchus cylindratus; Pomphorhyn- 
chus bulbocolli. 


"Reported only by Van Cleave and Mueller (1934). 


he 

re- 

nd 
ful 
tes 
ng 
ite 
re- 
is- 
ee 

1.8 

US. 
es 

jer 

ib- 
on 

9, 

ec- 

by 
nd 
ite 

31, 

he 

ev 
ri- 
nd 
or 
ty 
he 

X- 
us 
id 


272 American Fisheries Society 


From the above lists it is quite apparent that the fishes taken west 
of the boundary of New England have a more varied parasitic fauna. 


This greater diversity is probably correlated with the changes that 
occurred during the last glacial period. 
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NEASCUS INFESTATION OF BLACK-HEAD, BLUNT-NOSED. 
AND OTHER FORAGE MINNOWS'! 


GrorcE E. Kuak 
U. S. Bureau of Fisheries, Leetown, West Virginia 


ABSTRACT 


Black-head, blunt-nosed, and other minnows were found infested with en- 
eysted flatworms in ponds at Leetown, West Virginia. The mortality 
in a 2.2-aere pond stocked with 100,000 black-head minnows was about 250 per 
day during four weeks of observation. Heavy infestations caused sterility 
in the minnows. The cyst and parasite are described briefly and the probable 
life eyele given, followed by certain recommendations for the control of the 
infestation. 


NATURE OF THE INFESTATION 


Minnows under certain conditions may become heavily parasitized 
with flatworms. So severe may this infestation become that entire 
lots of forage minnows may be destroyed. Of the five species of minnows 
examined, only the golden shiners, Notemigonus crysoleucas, were free 
from infestation. Black-head minnows, Pimephales promelas, and 
blunt-nosed minnows, Hyborhynchus notatus, were most severely 
parasitized. Spot-tailed minnows, Notropis hudsonius, and attractive 
minnows, Notropis amoenus, carried minor infestations. 

A parasitic infestation was first noted on June 29, 1938, when about 
300 dead black-head minnows were found on the surface of a pond 
at the U. S. Bureau of Fisheries Station at Leetown, West Virginia. 
Examination of the fish indicated that death was caused by severe 
infestations with encysted flatworms that were visible to the naked 
eye. The oval-shaped cysts enclosing the folded flatworms were found 
in the abdominal cavity of the fish. In heavy infestations, such 
as shown in Figure 1, the pressure created by the cysts caused them 
to flow out from the body cavity with a yellow fluid when the fish 
was opened. 

The daily mortality in the lot of 100,000 black-head minnows was 
about 250 per day during four weeks of observation. For several 
days prior to death the minnows were inactive, manifested a tendency 
to rest on the bottom, and behaved in general, as if exhausted from 
moving their heavy bodies swollen with worms. External lesions 
were present on the abdominal walls of minnows that were so filled 
with worms that internal pressure was created (Figure 2). At first 
it appeared that the body was filled with eggs, but that was not true. 
Of the 136 females examined only 4 had eggs in their ovaries. This 


1Appreciation is expressed to Mr. Eugene W. Surber, in charge, Leetown 
Station, and to Dr. H. S. Davis, in charge, Aquicultural Investigations, U. S. 
Bureau of Fisheries, for helpful suggestions and criticisms. Published witb 
the permission of the Commissoner of Fisheries. 
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finding seemed to indicate that the presence of parasites inhibited 
or prevented formation of eggs, which was further substantiated 
when the pond was drained and no young minnows were found. The 


Figure 1. Enecysted worms released from the body of a black-head minnow. 


Figure 2. Black-head minnows swollen with eneysted worms and showing an 
abdominal lesion caused by the pressure of the worms, 


sto 
thi 
in 
ex 
in 
4 
3. 
0 
1 
; 


Neascus Infestation of Forage Minnows 275 


stomachs of the largemouth black bass fingerlings from the same pond 
contained no minnow fry. All evidence, therefore, pointed to the fact 
that heavy infestations with the parasitic worms produced sterility 
in the black-head minnows. 

In the lot of 100,000 black-head minnows where the condition was 
first observed, the infestation was probably 100 per cent. All in- 
dividuals in a random sample of 152 minnows were infested. So 
extreme was the infestation per fish that a Sedgwick-Rafter count- 
ing cell was used in order to determine the number of parasites. The 
number of worms per black-head minnow varied between 674 and 
3,712, and averaged 1,752. These figures are from a random sample 
of ten individuals. In maximum infestations each minnow harbored 
over 12,000 parasites. 


Tue ProBaBLeE Lire CYCLE OF THE PARASITE 


From present knowledge, it appears that the parasite is an encysted 
metacerearian belonging to the trematode (flatworm) family Strig- 
eidae and the genus Neascus. <A careful review of literature to de- 
termine the species of the metacercarian under consideration has 
been made. It appears that the organism is an undescribed species. 
It is possible that the adult or one or more of the intermediate stages 
have been described previously. Complete identification or a new 
description of Neascus sp. will be reported after the details of the life 
eyele are determined. 

The life history of this parasite probably follows in general the 
cycle as worked out for other members of the group. The adult worm 
develops in the digestive system of fish-eating birds. Eggs laid 
inside the body of birds are deposited with droppings into the water of 
ponds. The eggs hatch into miracidia that penetrate snails where 
they result in the formation of thread-like sporocysts, which give 
rise to daughter sporocysts, and these in turn to cercariae. The cer- 
cariae doubtless are fork-tailed and enter the minnows by boring 
through the body wall, lose their tails, encyst, and undergo metamor- 
phosis into Neascus larvae. The larvae (metacereariae) enter the 
final host (fish-eating bird) by being eaten with the minnow in which 
they are encysted. Thus, snails and minnows are believed to serve 
as intermediate hosts for the parasites, and fish-eating birds as final 
hosts in which the adult worms develop. 

Certain observations have been made on the development of the 
metacereariae. In minnows examined on June 29, 1938, 32.0 per cent 
of the larvae were not encysted. Many of these were small, measuring 
from 0.41 to 0.73 millimeter (average 0.63 millimeter) in length, and 
appeared immature. When the same lot of minnows was examined 
four weeks later, all of the larvae were encysted and measured 1.28 
millimeters (average) in length. It appears that the Neascus larvae 
described by other workers as being without cysts were immature 
forms. 
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In minor infestations—those that do not kill the minnows—the en- 
eysted larvae persist in the body cavity of the fish for a relatively 
long time. Black-head minnows from the original infected lot were 
kept in an aquarium for a period of ten months with no change in the 
degree of infestation. 

Examination of snails, which are extremely abundant in the ponds, 
indicated the presence of sporocysts. Fifteen species of fish-eating 
birds and twenty-two species of birds that may occasionally eat fish 
have been recorded at the ponds. The bass ponds in which the mate- 
rial for this study was collected have ‘‘feather edges.’’ The shallow 
water areas are invaded by large numbers of killdeers, a few greater 
and lesser yellow legs, and other shore birds. Kingfishers, green 
herons, and black-crowned night herons also occur in numbers and 
have been observed feeding on fish many times at these ponds. The 
water level of the pond in which the mortality among the black-heads 
was first noted was unusually low during the 1938 season due to a 
water shortage. The low level resulted in an unusually wide expanse 
of very shallow water which was attractive to shore birds. While 
kingfishers, green herons, and black-crowned herons normally would 
be suspected to be the final hosts of the adult parasites, killdeers 
and possibly other shore birds are strongly suspected of being addi- 
tional hosts. Killdeers actually were observed eating black-head 
minnows. 


DESCRIPTION OF THE CYST 


The cyst is always considerably shorter than the enclosed parasite 
causing the anterior end of the worm to be folded on itself dorsally or 
ventrally. In heavy infestations, the cysts are found in clusters of 
variable numbers, two or three to as many as fifty cysts in each clus- 
ter, held together by transparent strands. Most of the individual 
cysts or clusters of cysts are free in the body cavity of the fish and 
can be removed readily by a stream of water from a pipette. Some 
of the cysts, however, appear to be attached to the viscera by the 
transparent strands. Cysts that contained living parasites, and were 
not subjected to pressure by a superimposed cover glass, varied in 
length from 0.76 to 1.02 millimeters (average 0.87 millimeter), and 
in width from 0.44 to 0.52 millimeter (average 0.47 millimeter). 


DESCRIPTION OF THE PARASITE 


The body of the parasite is divided by a constriction into two well- 
defined regions, the fore- and the hind-bodies. The fore-body is 
about twice as long and somewhat wider than the hind-body, is rela- 
tively thin, elliptical in outline, and clearly spoon-shaped with the 
ventral surface concave. Its shape, however, is variable in accordance 
with the activity of the parasite. It may become thick and wide when 
contracted, or thin and ribbon-like when elongated. 

The parasites within the cysts usually are in motion, slowly length- 
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ening and contracting their fore-bodies. When removed from the 
cysts, the parasites persist in their leech-like movement, but accomplish 
no definite locomotion such as has been observed in some of the other 
species of Neascus. The parasites remained active in their cysts for 
several days after they were removed from the fish. They were also 
active in the bodies of minnows which had been dead for two days and 
had started to disintegrate. In a 5 per cent solution of glacial acetic 
acid they emerged from their cysts but remained alive for about four 
hours. 

Various measurements of fixed and living parasites have been made 
in which considerable variations existed depending upon the condition 
of contraction or extension at the time of measurement, state of 
growth, and the nature of the fixing solution used. Living parasites 
removed from cysts and, not subjected to cover-glass pressure when at 
rest, varied in length from 0.81 to 0.89 millimeter (average 0.86 milli- 
meter). Parasites fixed in 4.0 per cent formalin varied in length 
from 1.09 to 1.42 millimeters (average 1.28 millimeters). Figure 3 
shows eneysted and liberated parasites in which some of the prin- 


Figure 3. Eneysted and liberated flatworms in which some of the principal 
structures may be discerned. 
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cipal organs may be discerned, notably the spoon-shaped fore-body 
and the rounded hind-body, the acetabulum, the oral sucker, and the 
vessels of the excretory system. In living parasites, the granules pres- 
ent in the excretory vessels surge back and forth as the animal con- 
tracts and extends. 


Host-PaRAsItE SPECIFICITY 


Of the seven species of fish examined, three species are immune 
and do not become infested with the Neascus parasite under consid- 
eration. 

The principal food of the smallmouth black bass fingerlings con- 
sisted of black-head minnows. The minnows, inside the stomachs of 
the fingerlings, were parasitized, but the bodies of the bass were free 
from infestation. None of the largemouth black bass from ponds that 
contained parasitized black-head minnows were infested with the lar- 
vae. The golden shiners removed from another pond were not infested, 
but several black-head minnows found with the golden shiners were 
infested. Blunt-nosed, spot-tailed, and attractive minnows were simi- 
larly infested with the Neascus parasite. Hence, of the seven species 
of fish examined, smallmouth and largemouth black bass and golden 
shiners apparently have a natural immunity and do not become 
parasitized with these metacercariae. 


CoNCLUSIONS 


The observations on host-parasite specificity suggest that a species 
of minnow which is immune to serious trematode infestation may 
be used as a forage or bait minnow. During this study several hun- 
dred black-head minnows from various ponds at the Leetown Station 
have been examined and found to be infested with the trematodes. 
As a result of this study golden shiners, Notemigonus crysoleucas, 
probably will be substituted for black-head minnows as forage fish in 
the pond culture at this station. 

Since the ‘completion of the life-cycle of the parasite requires the 
presence of snails, the abundance of the parasite may be controlled 
by winter-drying of the ponds. In this study the infestation was 
studied in various ponds, but one which was full of water during the 
previous winter had the largest number of snails, hence the minnows 
in that pond were most severely infested. Snails should be consid- 
ered at all times as potential carriers of various parasites that may 
infest fish. 

At most fish-cultural stations fish-eating birds are controlled because 
of the direct damage they cause by reducing the numbers of fish. The 
birds should be controlled also because of the indirect damage they 
cause by carrying parasites that may infest entire lots of fish. 

Parasitized minnows should not be distributed to lakes and streams 
nor should they be used for bait because they may be eaten by birds 
and thus spread the infestation over a wide territory. 


SALMONOID FISHES IN THE ARGENTINE ANDES 


Frep A. THOMPSON 
Department of Game and Fish, Santa Fe, New Mexico 


ABSTRACT 


Trout were introduced into Argentina before 1900 but the actual success- 
ful establishment of trout and salmon occurred subsequent to 1903. Of the 
twelve different species of fish imported, only four reproduced successfully 
and became acclimatized. The site of the principal introductions of salmonoid 
fish was the National Park of Nahuel Huapi which is well-suited for trout. 
The mountains are high and well covered with vegetation. Most of the 
streams are short and have considerable volume and velocity. 

Several lakes and streams were examined by the author during 1937 to 
determine their value for fishing and for the collection of spawn. Data were 
secured during the 1937 spawning season on the weight and length of the 
landlocked Atlantic salmon (Salmo salar sebago) and the brook trout (Sal- 
velinus fontinalis). Information also was obtained on the size and abundance 
of the various species of trout and salmon. 

Due to the apparent decline in the fish population a fisheries station was 
constructed in 1932 in order to assist in maintaining the stocks. However, be- 
cause of unfavorable water conditions a new hatchery building and ponds 
were constructed in 1937. The species to be propagated at this station are 
brook trout (Salvelinus fontinalis), rainbow trout (Salmo irideus), German 


brown aon (Salmo fario), and landlocked Atlantic salmon (Salmo salar 
sebago). 


Some projects designed to develop the fisheries were undertaken and many 
more were planned or recommended. 


INTRODUCTION 


It is the purpose of this paper to discuss the establishment and the 
present status of the culture of the salmonoid fishes in Argentina. An 
agreement was made between the Administration of National Parks of 
Argentina and the Division of Fish Culture whereby the former was 
to employ a technical advisor to cooperate with the latter to construct 
a fish hatchery, to take charge of all fish-cultural operations, to in- 
struct the hatchery personnel, and to make stream and lake surveys. 


It was my privilege to participate in this program as technical advisor 
during 1936 and 1937. 


INTRODUCTION OF THE SALMONOID FISHES INTO ARGENTINA 


The following historical resumé of the introduction of the salmonoid 
fishes into Argentina was condensed from the publications of Tulian 
(1910) and Marini (1936). Salmonoid fishes were first introduced 
into Argentina prior to 1900 when a lot of rainbow trout (Salmo 
irideus) was placed in Hurlington Creek; there is no record of their 
survival. Shortly after 1900 investigations were initiated by the 
Minister of Agriculture of Argentina te determine what localities 
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were suitable for the introduction of salmonoid fishes. The Minister 
was not convinced by the investigations made by the one man then in 
his services, and instructed the Argentine Ambassador to the United 
States to employ John W. Titcomb to organize a division of fish cul- 
ture, to study the waters of Argentina, and to culture indigenous 
species of fishes. On January 19, 1904, E. A. Tulian left New York 
with a shipment of eggs destined for the hatchery site on the shores 
of Lago Nahuel Huapi. Subsequent shipments of eggs for stocking 
this lake were made in 1904, 1905, and 1931. Other shipments which 
were made to Argentina in 1906, 1908, 1909, and 1910 were consigned 
to waters in other parts of the country. 

The following numbers of eggs were imported into Argentina be- 


tween the years 1904 and 1931, according to the records published by 
Marini (1936) : 


Brook trout (Salvelinus ee 


587,700 
*Rainbow trout (Salmo irideus) _. 422,000 
"Steelhead (Salmo gairdnerii)_ 
German brown trout (Salmo fario)... 
Landlocked Atlantic salmon (Salmo salar sebago).. 215,000 
Whitefish (Coregonus clupeaformis) 
Quinnat salmon (Oncorhynchus tschawytscha) 
Sockeye salmon (Oncorhynchus nerka) 426,500 
Silver salmon (Oncorhynchus kisutch) 
Atlantie salmon (Salmo salar) i... 45,000 


Marini stated that at least some of all of the shipments of eggs 
reached Argentina except those of the cod which were lost in England. 
He also stated that all of the early shipments from the United States 
were made via Europe because no ships equipped with refrigerated 
holds were in direct commerce between the United States and Argen- 
tina. 

Only four of the many species imported have become established 
and are doing well. They are brook trout, rainbow trout, German 
brown trout, and the landlocked Atlantic salmon. To the author’s 
knowledge none of the other species has become acclimated. 

On February 13, 1937, a shipment of whitefish eggs was received at 
Bariloche after being en route for twenty-four days. Although the 
eggs were inspected in New York and found to be in perfect condi- 
tion, they arrived at their destination in an advaneed state of putrefac- 
tion. From the two million eggs shipped only 61,000 fry resulted 
(3.05 per cent). 

A shipment of 100,000 rainbow trout eggs arrived from the United 
States on January 30, 1938. On arrival the eggs were very thin- 
shelled and nearly all contained a large blood clot. One-half of the 


1Most ichthyologists now consider Salmo irideus Gibbons and Salmo gairdnerii 


Richardson to be the same form and apply the name, Salmo gairdnerii irideus 
Gibbons. 
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eggs was sent to a hatchery on Cordoba and the other one-half to 
Bariloche. Only about 300 of the eggs at Bariloche hatched normally 
and survived. 

Both of the above egg shipments were unattended during the time 
between shipment at New York and their arrival in Buenos Aires, a 
period of about seventeen days. That fact may have accounted for 
the poor condition of the eggs at the time of their arrival. Unless 
transportation is more rapid, or the methods of packing eggs for ship- 
ment is improved, it is not advisable to ship eggs over such a great 
distance without an attendant. 

A shipment of 50,000 rainbow trout eggs was received from the 
Republic of Chile on October 3, 1937. The eggs were in good condi- 
tion, and were en route less than four days. Less than 5 per cent of 
the eggs and resultant fry were lost. 


PHYSIOGRAPHY OF THE REGION 


The National Park of Nahuel Huapi is located in the Andes Moun- 
tains and includes an area of approximately 3,500 square miles of land 
and water. The elevation ranges from 2,100 feet at the lakes to 11,000 
feet on the highest peak, El Tronador. The mountains are very 
rugged and in some places extend almost vertically from the valley 
floor. The vegetation is abundant on the lower slopes and in the val- 
leys. The lake bottoms, like the mountains, have a very steep slope; 
beaches and shallow water are rare except at the mouths of streams. 
Most of the streams are rapidly moving with boulder bottoms; this 
condition is found especially in the feeder streams. However, the 
streams that originate in lakes flow more slowly and contain varying 
quantities of natural fish food throughout the year. Of forty major 
streams observed, five could be classed as excellent habitats for sal- 
monoid fishes and five had abundant natural fish food during nine 
months of the year. Seven streams retained an average amount of fish 
food but no vegetation during the winter months. Nine were below 
average in natural food content as the water moved rapidly with few 
pools. Five had very little natural food, no vegetation, and the water 
moved rapidly over boulders. Nine streams had no natural aquatic 
food, vegetation was absent, and the water flowed in torrents and 
cascades. 


ABUNDANCE, DISTRIBUTION, AND SIZE OF THE SALMONOID FISHES 


From personal observations and information received from cooper- 
ating individuals it was concluded that the salmonoids of this region 
in the Andes Mountains of Argentina could be classified according to 
their abundance. The brook trout is most numerous and occurs in 
large numbers in almost all lakes and streams. However, it is found 
principally in the lakes and large rivers and enters the smaller streams 
only during the spawning season. The distribution of the landlocked 
Atlantic salmon is less general for it is found in only a few places. 
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It is abundant in the Traful, Limay, and Correntoso Rivers, and is 
taken regularly in Lakes Nahuel Huapi, Traful, Correntoso, Espejo 
and occasionally in some of the other lakes. The rainbow trout is con- 
fined chiefly to Lake Traful and the Limay and Traful Rivers. The 
German brown trout is found in several localities but is caught only 
occasionally. It is most abundant in the Traful River. 

During the spawning season of 1937 the lengths and weights of the 
salmon and brook trout were recorded as the fish were removed from 
the nets. The lengths of thirty-eight salmon ranged between 46 and 
82 centimeters (18.1 and 32.3 inches) and averaged 67.1 centimeters 
(26.4 inches). Their weights ranged between 2 and 10 kilograms 
(4.4 and 22.0 pounds) and averaged 6.3 kilograms (14.0 pounds). The 
lengths of ninety-two brook trout ranged between 27 and 52 centi- 
meters (10.7 and 20.5 inches) and averaged 41.0 centimeters (16.1 
inches). The weights ranged between 0.5 and 3.3 kilograms (1.1 and 
7.2 pounds) and averaged 2.1 kilograms (4.6 pounds). 

The largest salmon reported to have been taken in the park, cap. 
tured-with a seine in Rio Traful, weighed 16.5 kilograms (36.4 pounds) 
but no length measurement was obtained. Guy Dawson, the owner of 
Traful Hotel, has a record of a salmon of 12.5 kilograms (27.6 pounds) 
taken with a spoon, and one of 8.5 kilograms (18.7 pounds) taken on 
a fly. The largest brook trout recorded was taken in 1937 by com- 


mercial fishermen with a seine, and weighed 4.8 kilograms (10.6 
pounds). 


FisH-CULTURAL DEVELOPMENTS 


The fisheries station, built in 1932, consisted of an eight-trough 
hatchery, two residences and a garage. Two of the nine adjacent 
ponds, which measured 25 by 75 feet, were constructed of boards. The 
water supply came from a small stream, Arroyo Cascada, and was 
conducted through an open canal. During the winter the water was 
cold and turbid, in the spring and in the fall it was muddy and full of 
debris, and during late summer there was insufficient water to main- 
tain even one-half of the ponds. 

The first problem confronted by the author on his arrival on October 
26, 1936, was to decide on a new location for a hatchery, because of the 
unsatisfactory water supply at the existing station. After careful con- 
sideration of the water temperature and volume of streams, and the 
precipitation in different localities, a site was chosen on the banks of 
the Rio Gutierrez about 200 yards from the hatchery on Arroyo Cas- 
eada. During the coldest month the average temperature of Rio 
Gutierrez for the fiscal year 1935-1936 was 6.1°C. (43° F.). There was 
a limited amount of debris in the water during the run-off period. 
Because Lago Gutierrez was only 3 miles above the hatchery site, Rio 
Gutierrez had only a gradual fluctuation of water level. Turbidity 
was at a minimum and at all times submerged objects were visible at 
depths of 18 inches or less below the surface. The volume of the water 
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at its lowest stage was more than adequate for the requirements of the 
new station. The normal flow exceeded 8 feet per second. 

Plans were made for a hatchery building to accommodate forty- 
eight troughs. Each trough contained seven compartments. Sixteen 
ponds, of the raceway type, each measuring 6 by 60 feet, were to be 
constructed on adjacent grounds. Only two ponds were built during 
the initial construction because of the limited funds available. 

Complete plans were made and submitted for a second fish-hatching 
and rearing station on Rio Guillelmo. This station was to have a 
hatchery building that would contain only thirty troughs. The ponds 
were to be circular, utilizing the water pressure created by the 30-foot 
fall on Rio Guillelmo. The contemplated construction of two addi- 
tional hatcheries to operate in conjunction with the one at Bariloche 
did not materialize because of insufficient funds. 

With the new hatchery at Bariloche, the facilities of which may be 
supplemented later by the construction of additional stations, the 
propagation of the brook trout and the landlocked Atlantic salmon is 
being continued for general stocking purposes and for introduction 
into new waters. The author recommended that each species be con- 
signed to a particular body of water. Although the culture of rainbow 
trout has been restricted, there are several streams suitable for them, 
and their propagation should be continued. The German brown trout, 
like the rainbow trout, has received limited attention. Propagation of 
brown trout should be discontinued because the water conditions of the 
region are not well suited to them. 

Previous to 1937 all of the eggs for artificial propagation were ob- 
tained either from brood stock or from fish caught in the rivers with a 
seine. In 1937 two complete temporary traps were planned and con- 
structed by the author. These traps proved effective in two streams 
near the hatchery. However, seining for salmon was continued in Rio 
Traful. Plans were made for a permanent trap structure but the con- 
struction was not undertaken. It is necessary to make permanent 
structures in the streams before fish trapping can be completely suc- 
cessful, because of the rains and the high-water conditions both in the 
spring and in the fall. The establishment of permanent fish traps was 
recommended for several streams that were considered to be good 
spawning streams. 

Obstructions were present near the mouth of two streams; one was 
artificial and the other a natural fall. Plans for a pool-fall type fish 
ladder were made and submitted by the author so that the fish might 
pass over the obstructions. 


Future FISHERIES 


Because of the many lakes in the national park, it has been sug- 
gested by the author that the black-spotted trout (Salmo clarkii lewis) 
common in Yellowstone National Park, in the United States, be intro- 
duced. It is relatively certain that the black-spotted trout will repro- 
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duce rapidly, and in a few years will become one of the outstanding 
fish of the lake region of the Argentine Andes. The brook trout in 
the Andes, unlike those of the United States, are poor fighters; there. 
fore, with the introduction of the black-spotted trout the Andean 
lakes would have a fighting fish comparable to the rainbow trout in 
the streams. 

With the trout and salmon established in nearly all major lakes 
throughout the region, it is possible to maintain the good fishing. 
However, there are actually fewer fish now than there were some years 
ago, before the railroad was built into Bariloche. Since the comple- 
tion of the railroad the country has become more densely populated 
and the demand for fish has increased. That demand has not been 
created by the angler but by the commercial fishermen. Because of 
the encouragement of commercial fishing on inland waters and because 
no restrictions as to locality or season are imposed, particularly during 
the spawning season, the future of the fisheries is uncertain. Recom- 
mendations for fishing regulations were submitted by the author to 
guard against complete depletion of the fish in certain streams. There 
seem to be only two alternatives that will stop the steady decline of 
the fish population: the production of sufficient fish in the hatchery 
for stocking the streams, or the restriction of commercial fishing. 
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DISCUSSION 


Mr. BRIAN CurTIS: Have you any data on the food of the landlocked Atlantic 
salmon in Argentine streams? 


Mr. THoMpson: The Argentine lakes in this region are heavily populated with 
a small fish known to the people there as ‘‘pulle.’’ It grows to a length of 2% 
to 3 inches. I do not know the scientific name for it, but it is one of the foods. 
Another is a crustacean, a shrimp, and it seems to be the chief food of the land- 
locked Atlantic salmon. These two foods are very abundant. 


Mr. Leo SHAPOVALOV: Are you in a position to account for the lack of suecess 
of the Pacific salmon? 


Mr. THompson: I do not know definitely, but I think perhaps the reason that 
the Pacific salmon has not become established there is that before most of the 
streams reach the ocean they are usually too warm to enable the fish to survive. 


If they are not too warm, as a general rule they are too muddy; they pick up a 
great deal of debris. 


THE CHAIRMAN: Perhaps it would be well to import some of the forage fish 
mentioned by Mr. Thompson into this country. 
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THE NUMBER OF EGGS AND PYLORIC APPENDAGES AS 
CRITERIA OF RIVER VARIETIES OF THE ATLANTIC 
SALMON (SALMO SALAR) 


Davip L. BELDING 
Boston University School of Medicine, Boston, Massachusetts 


ABSTRACT 


The number of eggs and pyloric appendages in relation to river varieties of 
the Atlantic salmon is discussed. The average 2-year sea-life female salmon, 
weighing 10.61 pounds, gives a yield of 8,848 eggs or 834 per pound of fish. 
When the same sea-life classes of salmon and the number of eggs per pound of 
fish are used as the basis of comparisons, the difference between the salmon 
of various rivers with respect to the number of eggs is not sufficiently great 
to warrant its use for identifying river varieties of salmon in the sea. Simi- 
larly the number of pyloric appendages, which averages 55.4, with a range 
from 40 to 74, is of no practical value for the identification of river varieties 
of salmon. 


INTRODUCTION 


If the assumption that most salmon return for spawning to the 
river where they spent their early fresh-water life is true. it is not 
unreasonable to believe that heredity and environment eventually may 


produce distinctive anatomical and physiological characteristics in the 
salmon of different rivers. Usually the differential characteristics at- 
tributed to river stocks are the result of variations in the abundance of 
the several sea-life classes, particularly of the previously-spawned sal- 
mon. Anatomical differences between similar sea-life classes in differ- 
ent rivers are difficult to demonstrate, since there are such wide varia- 
tions in the salmon of the same river that there is considerable over- 
lapping of the data for salmon of different rivers. 

McGregor (1923) was able to detect rather striking differences in 
the number of eggs and pyloric appendages of the chinook salmon 
(Oncorhynchus tschawytscha) in the Sacramento and Klamath Rivers 
of California. The present paper contains the results of a similar 
study on the Atlantic salmon of the Gulf of St. Lawrence. The pur- 
pose of the investigation was to determine whether anatomical differ- 
ences existed between salmon of different streams and, if differences 
were present, whether they would prove of value in identifying the 
salmon of the various rivers. 

Observations were made upon salmon that were taken from June 15 
to September 15, 1930 by drift-net fishing in the coastal waters of 
eastern New Brunswick and upon salmon that were taken during their 
upstream migration in the Miramichi River during the same period. 
The coastal salmon were taken within a radius of 20 miles from the 
estuary of the Miramichi River. They had reached the coastal waters 
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in their spawning journey, but had not as yet entered the rivers. They 
represented a mixture of salmon bound for the Miramichi River and 
the small rivers of the east coast of New Brunswick and of salmon 
headed for Chaleur Bay. 

The coastal salmon were separated arbitrarily by inspection into two 
groups: (1) those resembling Miramichi River salmon, and (2) those 
resembling salmon of Chaleur Bay. Tagging experiments and a sta- 
tistical study of sea-life classes, river age, length and weight have con- 
firmed the reliability of this method of classification. Hence, the com- 
parison of the number of eggs and pyloric appendages deals with three 
groups of salmon: (1) Miramichi River salmon, (2) coastal salmon 
having the general appearance of Miramichi River salmon, and (3) 
coastal salmon having the general characteristics of the salmon of the 
rivers of Chaleur Bay. 

The number of eggs was obtained by making actual counts on 
weighed, selected samples of the ovaries and multiplying each count 
by the ratio of the weighed samples to the total weight of the ovary. 
The number of pyloric appendages was determined by actual count. 

Although statements based on the examination of frequency dis- 
tributions of certain data will be made throughout the paper, it is be- 
lieved that the presentation of the actual frequencies would involve 
an unwarranted expansion of the paper. 


TABLE 1. SIZE OF SALMON AND NUMBER OF EGGS 


2-year 3-year Previously- 
sea-life sea-life spawned 
Item salmon salmon salmon 
Number of salmon_........- = 503 15 16 
Welemt (peunds) 10.61 19.13 16.68 
Number of eggs 
8,848 + 68 13,833 + 483 12,313 + 648 
Per pound of fish... 834+ 5 33 738+ 34 


THe NuMBER oF 


Variation with the size of salmon—The influence of the size of the 
salmon upon the number of eggs is shown in Table 1, which gives a 
comparison of three sea-life classes. Although the number of 3-year 
sea-life and previously-spawned salmon is small, the averages of the 
numbers of eggs per individual are sufficiently reliable to indicate the 
wide difference in the total egg production of large and small fish. 
The data show also that the number of eggs per pound of fish is lower 
in the large salmon. The fact that large salmon usually have larger 
eggs than do small salmon may explain in part the smaller number of 
eggs per pound of fish in the 3-year sea-life and previously-spawned 
salmon. 

Total number of eggs per individual in the different groups of sal- 
mon—Table 2 gives a comparison of the average number of eggs in 
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TABLE 2. PRODUCTION OF EGGS BY 2-YEAR SEA-LIFE SALMON 


Average number of eggs 


Locality and type Total Wumber per 
number pound of fish 


Miramioni Miver 9.40 7,678 + 86 
Coastal waters 
Miramichi type -................... 2 10.68 8,905+ 95 
Chaleur Bay type _.......... s 10,223 + 134 
Total or average ...............-. 9,409+ 78 


Grand total or average 10.61 8,848+ 68 


the 2-year sea-life salmon of the coastal and river groups. There is a 
definite difference between the Miramichi River salmon and the coast- 
al salmon of the Chaleur Bay type, while the Miramichi type occupies 
an intermediate position. The frequency-distribution curves further 
emphasize this difference. The coastal salmon of the Chaleur Bay 
type yielded 1.33 times as many eggs (10,223) as the Miramichi 
River salmon (7,678). MeGregor (1923) found that the Sacra- 
mento River chinook salmon produced 1.72 times as many eggs 
(7,454) as the Klamath River chinook salmon (3,760). Apparently 
the total egg production of the Atlantic salmon is higher than that of 
the chinook salmon. 

Comparisons of river varieties on the basis of the total number of 
eggs are misleading, since they do not take into account the size of 
the salmon. Unless salmon of similar weights and sea-life classes are 
compared, the results may be misinterpreted. 

Number of eggs per pound of fish—Since the total number of eggs 
increases with the size of the salmon and since the weight of salmon of 
the same sea-life age varies in different rivers, the average number of 
eggs per pound of fish gives a more exact picture than the total number 
of eggs. When the average number of eggs per pound of fish is con- 
sidered, the coastal salmon of the Chaleur Bay type yield only 1.05 
times as many eggs (854) as the Miramichi River salmon (817) and 
there is little difference in the two frequency-distribution curves. 

When the factor of size is eliminated by comparing the number of 
eggs per pound of fish for the same sea-life class, there still remains an 
appreciable, though small, difference between the Miramichi River sal- 
mon (817 eggs), and the coastal salmon of the Chaleur Bay type (854 
eggs). The greater number of eggs per pound of fish in the coastal 
salmon of the Chaleur Bay type is not due to the larger size of the eggs 
in this group, since the production of larger eggs would tend to di- 
minish rather than increase the number of eggs per pound of fish. In 
this instance the difference must be considered minimal, since some 
salmon of the Miramichi type may have been included in the Chaleur 
Bay group. 

Observations on eggs from various salmon stocks indicate that the 
size of eggs of the same sea-life groups may vary in different rivers. 
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It is possible that the size and number of eggs may be hereditary char. 
acters. 


THe NuMBER OF PyLoric APPENDAGES 


The first portion of the intestine, the pylorus, has an overlapping 
fringe of appendages that arise from its outer curvature. The ap. 
pendages are slender, tapering, round tubes, averaging from 6 to 7 
centimeters in length and 3 millimeters in width. Their structure is 
similar to but simpler than that of the intestine. Their mucosa is 
moulded into elaborate longitudinal folds, which give in a limited 
space considerable surface for absorption and secretion. 

McGregor (1923) has suggested that the number of pyloric append- 
ages affords a possible basis for the separation of river varieties of 
chinook salmon. He found that the average number of pyloric ap- 
pendages in the salmon of Klamath River was 132.2, whereas the aver- 
age for salmon of the Sacramento River was 176.4. He observed fur- 
ther that the frequency-distribution curves separated at 154 with little 
overlapping. The Atlantic salmon of the Gulf of St. Lawrence have a 
smaller average number (55.4) of pyloric appendages than has the 
chinook salmon, and the numbers range from 40 to 74 in contrast with 
107 to 214 for the chinook salmon. 


TABLE 3. NUMBER OF PYLORIC APPENDAGES OF 2-YEAR SEA-LIFE 
SALMON 


Males. Females Total 

$8 $08 Ses 

Miramichi River__.- 48 56.98 + 0.64 142 56.03 + 0.33 190 56.25 + 0.29 

Coastal waters 

Miramichi type... 42 56.22 + 0.60 192 54.63 + 0.27 234 54.88 + 0.25 
Chaleur Bay type. 22 54.73 + 1.09 115 55.10 + 0.35 137 54.98 + 0.34 
Total or average. 64 55.59 + 0.52 307 54.79 + 0.22 371 54.92 + 0.20 


Grand total or aver- 
112 56.23+0.41 449 55.17+0.18 561 
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Table 3 gives the average number of pyloric appendages for the three 
groups of 2-year sea-life salmon. There is no difference between the 
coastal salmon of the Miramichi and Chaleur Bay types, but the 
Miramichi River salmon show a slightly higher number. The fre- 
quency-distribution curves for the three groups, except for minor 
irregularities and a slight shift to the right in the curve for the Mira- 
michi River salmon, approximately coincide. The differences in the 
number of appendages in the various groups of fish are so slight that 


this character is of no statistical value in differentiating river varieties 
of Atlantic salmon. 
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Little difference is found between the two sexes. The average num- 
ber of appendages in the males (56.23) is about one more than in the 


females (55.17). This difference appears in the data for both the 
coastal salmon and the Miramichi River salmon. 


SUMMARY 


1. The number of eggs and pyloric appendages in relation to river 
varieties of the Atlantic salmon are discussed. 

2. The Atlantic salmon has a larger number of eggs that has the 
chinook salmon. Two-year sea-life salmon, weighing 10.61 pounds, 
produce an average yield of 8,848 eggs, or 834 per pound of fish. 

3. Unless salmon of similar weight and of the same sea-life classes 
are compared, differences in the total egg production are misleading. 
The average number of eggs per pound of fish is a more reliable index 
for comparison. 

4. A definite, though slight, difference in the number of eggs per 
pound of fish was found between the salmon of the Miramichi River 
(817) and the coastal salmon of the Chaleur Bay type (854). This 
difference is not sufficiently great to warrant its use for identifying 
river varieties of salmon in the sea. 

5. The Atlantic salmon has a smaller number of pyloric append- 
ages (55.38), with a range from 40 to 74, than has the chinook salmon 
with a range of 107 to 214. 

6. The difference in the number of pyloric appendages in the 
coastal salmon and the Miramichi River salmon is so slight that it has 
no practical value for differentiating river varieties. 
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MIGRATION OF THE ATLANTIC SALMON (SALMO SALAR) 
IN THE GULF OF ST. LAWRENCE AS DETERMINED 
BY TAGGING EXPERIMENTS 


Davin L. BELDING 
Boston University School of Medicine, Boston, Massachusetts 


ABSTRACT 


The onshore migration of the Atlantic salmon in the Gulf of St. Lawrence 
in 1937 and 1938, as determined by the tagging experiments of the Quebec 
Salmon Commission, is described. 

The salmon that were tagged at Cabot Strait were distributed to all parts 
of the Gulf of St. Lawrence except the eastern part of the north shore and 
the northern part of the west coast of Newfoundland. The salmon that were 
tagged at the eastern end of Belle Isle Strait were recaptured in the sections 
unoccupied by the Cabot Strait salmon. The separate regions of distribu- 
tion, the difference in the time of run and the diverse characteristics of the 
two groups of salmon furnish convincing evidence that there are two distinct 
stocks of salmon entering the Gulf of St. Lawrence, one northerly through 
Belle Isle Strait and the other southerly through Cabot Strait. 

The extent of the distribution of the salmon from the tagging stations 
within the Gulf of St. Lawrence depends upon the location of the particular 
station. If the station is situated near the final river destination of the sal- 
mon, the distribution is local; and if the station is at some distance, coastal 
movements of various amplitudes are observed. 


INTRODUCTION 


A general investigation of the Atlantic salmon in the Gulf of St. 
Lawrence was begun in 1937 under the auspices of the Quebee Salmon 
Commission. Among other activities, the investigation included a 
study of the routes of migration and the movements of salmon during 
their onshore spawning journey. The program necessitated coopera- 
tive tagging experiments by the Dominion, Newfoundland and Quebec 
governments, which together regulate the fisheries of the Gulf of St. 
Lawrence. This report is a brief account of the results obtained in 
1937 and 1938 at several tagging stations. 

The Gulf of St. Lawrence (Figure 1) is bounded on the east by 
Newfoundland, on the south by Nova Scotia, on the west by New 
Brunswick and Quebec, and on the north by Quebec. It is connected 
with the Atlantic Ocean on the north by Belle Isle Strait, between 
Newfoundland and Labrador, and on the south by Cabot Strait, be- 
tween Newfoundland and Cape Breton. It is noted for its extensive 
salmon fisheries and its famous salmon rivers. 


TAGGING STATIONS 


Tagging stations, selected because of their geographical relation to 
the salmon fisheries, were established so as to encircle the entire Gulf 
of St. Lawrence. The stations considered in this paper were situated 
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Figure 1.—Location of tagging stations and areas of distribution of salmon 

tagged at Port-aux-Basques, N. F., and St. Anthony, N. F. 1. Port-aux-Basques. 

2. St. Anthony. 3. Miramichi Bay. 4. Petit Gaspé. 5. Seven Islands. 6. Black 

Point, Chaleur Bay. 7. St. Paul River. Areas of distribution of Port-aux-Basques 

salmon are indicated by solid black and those of St. Anthony salmon by cross- 
hatching. 


at Port-aux-Basques, Newfoundland, on Cabot Strait; at St. Anthony, 
Newfoundland, east of Belle Isle Strait; at Miramichi Bay on the east 
coast of New Brunswick; at Seven Islands in the western section of 
the north shore of the Gulf of St. Lawrence; at Petit Gaspé at the end 
of the Gaspé Peninsula; at Black Point on the south shore of Chaleur 
Bay ; and at St. Paul River in the eastern section of the north shore of 
the Gulf of St. Lawrence. At Port-aux-Basques and at Miramichi Bay 
the salmon used for tagging were taken in drift nets and at all the 
other locations in shore nets. For the first time salmon were tagged 
successfully after capture in gill nets such as are used in the drift-net 
fishery, about three-quarters of the catch being suitable for tagging. 


PERCENTAGES OF RECAPTURE 


The number of salmon tagged and the percentages of recaptures 
are given in Table 1 in which the various tagging stations are grouped 
according to the range of distribution of the recaptured salmon. The 
marked difference in the percentages of recaptured salmon in 1937 
and 1938 are interesting. The percentage of recaptures in 1938 was 
nearly twice that of 1937. Salmon spend a variable time in the coastal 
waters before ascending the rivers. In some years conditions favor 
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immediate entry into the rivers and in other years unsuitable condi- 
tions cause the salmon to remain longer in the coastal waters. Since 
most recaptured salmon are taken by the commercial fishermen, the 
higher percentage of recaptures in 1938 may have been due, in part, 
to factors that increased the length of time they were subjected to 
commercial fishing. 


TABLE 1. PERCENTAGE OF RECAPTURED ATLANTIC SALMON TAGGED 
InN 1937 AND 1938 


1937 1938 
Number of Number of 
tagged Percentage ged Percentage 
Locality salmon recaptured s m recaptured 
Areas of wide distribution 
599 13.3 494 26.3 
St. Anthony, N. 175 22.3 
Areas of restricted distribution” 
Miramichi Bay, pied 411 17.5 134 29.9 
Gaspé, P. Q. 100 38.0 100 33.0 
Seven Islands, P. Q. Lae 80 8.8 38 21.1 
Areas of local distribution 


Chaleur Bay, 
St. Paul River, 


TAGGING AREAS SHOWING WIDE DISTRIBUTION 


The salmon at the two tagging stations at Port-aux-Basques, N. F., 
and St. Anthony, N. F., which are situated at the south and north en- 
trances of the Gulf of St. Lawrence, for the most part moved west- 
ward and northward. These salmon probably were passing from the 
ocean into the Gulf of St. Lawrence; but since their oceanic source 
is unknown, it can be definitely stated only that they were present in 
the vicinity of the tagging stations. The distribution of the recap- 
tured salmon (Figure 1) indicates that there are two stocks of sal- 
mon. One moves from Cabot Strait to all of the shores of the Gulf of 
St. Lawrence except the eastern section of the north shore. The other 
stock passes through Belle Isle Strait to the northeastern section of 
the Gulf of St. Lawrence. 

Port-aux-Basques—The salmon at Port-aux-Basques on Cabot Strait 
were tagged at the drift-net fishery, which is conducted from 2 to 9 
miles off shore directly south of Port-aux-Basques. The salmon tagged 
in 1937 and 1938 at this station were recaptured in the same coastal 
areas. In 1938, a relatively greater number of salmon was recap- 
tured on the north shore, and a lower percentage on the west shore 
of the Gulf of St. Lawrence, than in 1937. Of the recaptured salmon 
40 per cent was taken in Newfoundland, and 60 per cent in Canada. 
The distribution (Figure 1) was widespread. The tagged salmon 
were recaptured in all parts of the Gulf of St. Lawrence except in that 
section of the north shore east of Natashquan. The percentage distri- 
bution corresponded in general to the intensity of the commercial 
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fishing, except for an abnormally high percentage of recaptures in 
St. George Bay on the west coast of Newfoundland. 

St. Anthony—The distribution (Figure 1) of the salmon tagged at 
St. Anthony in 1938 covered four areas: (1) the east coast of New- 
foundland (few salmon), (2) the east coast of Labrador, (3) the 
north shore of the Gulf of St. Lawrence as far west as Natashquan, and 
(4) the west coast of Newfoundland as far south as Bay of Islands. 
Except for a slight overlapping on the west coast of Newfoundland, 
the distribution areas of the salmon from Port-aux-Basques and from 
St. Anthony were sharply separated. 

Time of Run—There is considerable difference in the time of the 
salmon run at Port-aux-Basques in Cabot Strait and at St. Anthony 
near Belle Isle Strait. The peak of the run at Port-aux-Basques is 
about June 1, while that at St. Anthony is about June 21. The differ- 
ences in the time of run and in the characteristics of the salmon indi- 
cate that the salmon of the two localities are of different oceanic 
sources. 

The times of the salmon run in the respective areas of distribution 
from these tagging stations differ. In the section of the north shore 
of the Gulf of St. Lawrence east of Natashquan during the five-year 
period from 1931 to 1935 the peak of the commercial catch was progres- 
sively later from Belle Isle Strait to Natashquan, ranging from June 
26 at Blane Sablon to July 14 at the Washicoutai Archipeligo, just 
east of Natashquan. This westward wave corresponds to the west- 
ward movement of the St. Anthony salmon. On the coast just west 
of Natashquan, the most easterly point on the north shore of the Gulf 
of St. Lawrence where Port-aux-Basques salmon were captured, the 
peak of the commercial catch was earlier, about June 26. 

In each instance the differences in the time of the run correspond 
approximately to the time necessary for the salmon to travel the in- 
termediate distances from either St. Anthony or from Port-aux- 
Basques. The separate regions of distribution of the tagged salmon 
from these two stations, the differences in the time of the run of the 
salmon in the localities where the tagged salmon were recaptured, 
and the different characteristics of the two groups of salmon furnish 
convineing evidence that there are two distinct stocks of salmon enter- 
ing the Gulf of St. Lawrence. 

Rate of travel—The average distance travelled by the Port-aux- 
Basques salmon captured in Newfoundland was 113 miles and in 
Canada, 257 miles. The interval between tagging and recapture was 
fourteen days for Newfoundland and twenty-seven days for Canada. 
The average rate of travel was 9.6 miles per day for salmon recap- 
tured in Newfoundland and 12.4 for those recaptured in Canada. The 
fastest salmon moved at a rate of 36 miles per day. 


Tacainc AREAS SHOWING RESTRICTED DISTRIBUTION 
The three stations which show restricted distribution of salmon are: 


1di- 
nee 
the 
art, 
to 
ED 
ge 
en- 
st- 
he 
ce 
in 
al- 
of 
er 
of 
ait 
» 9 
ed 
al 
p- 
re 
on 
la. 
on 
at 
ri- 
al 


294 American Fisheries Society 


(1) Miramichi Bay on the east coast of New Brunswick, (2) Petit 
Gaspé at the end of the Gaspé Peninsula, and (3) Seven Islands on the 
western section of the north shore of the Gulf of St. Lawrence. 

Miramichi Bay—The Miramichi drift-net fishing area is situated on 
the east coast of New Brunswick in the vicinity of Miramichi Bay. 
Fishing is conducted for the most part in an irregularly contoured 
coastal area of about 400 square miles within a depth of 20 fathoms. 
During June and July large numbers of salmon congregate here, 
some staying but a short time and others remaining for months be- 
fore seeking the rivers. 

The distribution of the recaptured salmon in 1937 and 1938, other 
than local recaptures, was limited to two areas: the Miramichi River 
and the eastern coast of New Brunswick, and Chaleur Bay. The 
range, although fairly wide, was essentially local, extending from 
Kedgebougouae Beach, New Brunswick, to Gascons, Province of Que- 
bee. The distribution of the recaptured salmon corresponded closely 
to the intensity of commercial fishing. 

The distributions of recaptured salmon were similar in 1937 and 
1938. Approximately one-half of the tagged salmon went to Chaleur 
Bay and one-half to the Miramichi River and the east coast of New 
Brunswick. It is interesting to note that a statistical analysis of the 
characteristics of these salmon in 1930 and 1931 gave the same pro- 
portion (52 per cent) of salmon bound for Chaleur Bay as is indi- 
eated by the tagging experiments in 1937 and 1938. The possibility 
that there was a free interchange of salmon between the Miramichi 
drift-net fishing area and Chaleur Bay was eliminated by the results 
of tagging experiments in Chaleur Bay. No salmon tagged in Chaleur 
Bay was taken outside that body of water. 

Gaspé—The salmon tagged at Petit Gaspé on the inside of Grande 
Gréve in 1937 and 1938 showed movements along the shore and a 
local distribution in Gaspé Bay. The major coastal movement was 
westward along the south side of the Gaspé Peninsula toward Chaleur 
Bay. A smaller number (one-third) moved northwesterly along the 
north side of the Gaspé Peninsula as far as Father’s Point. Such 
coastwise movements are characteristic of salmon on reaching the 
shore, and in most instances there is a predominating movement in one 
direction. 

Seven Islands—A group of small rocky islands, known as Seven 
Islands, lies at the entrance of Seven Islands Bay midway between 
Anticosti Island and Pointe des Monts. These islands are situated 
near the mouth of the Moisie River, one of the largest and most famous 
of the Quebec salmon rivers. The outermost of these islands, Car- 
rousel Island, was selected as a tagging station because of its relation 
to the Mingan Channel and the main thoroughfare of the St. Law- 
rence River, and because salmon appear earliest in the season on the 
north shore of the Gulf of St. Lawrence at this locality. 
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In both years the salmon showed the same widespread dispersal 
along shore to, the east and west of the point of tagging and to the 
south as far as Chaleur Bay. The dispersal to the east and west of 
Seven Islands is consistent with the usual movements of salmon, but 
the return journey of the salmon passing south to Chaleur Bay 
over a route previously travelled is inexplicable. 


TaGGING AREAS SHOWING LocAL DISTRIBUTION OF SALMON 


The movements of salmon from the tagging stations in Chaleur 
Bay and at St. Paul River are local in character and indicate that the 
salmon have arrived near their river destination. In many instances 
there is a prevailing trend toward the rivers, but not infrequently 
the movements of the salmon appear aimless. The percentage of re- 
captures in these local areas as a rule is higher than in the areas of 
widespread distribution. 

Chaleur Bay—In 1938 salmon were tagged at Black Point between 
Bathurst and Campbellton on the south side of Chaleur Bay. This 
station is situated about two-thirds of the distance from the outlet 
to the head of Chaleur Bay. The majority of the salmon moved 
westward along the shore toward the head waters of Chaleur Bay, 
where the large Restigouche River enters. The minority passed 
eastward to the Bathurst shores. No salmon were recaptured on 
the north side or outside the boundaries of Chaleur Bay. It is probable 
that salmon once having entered an elongated bay tend to remain 
within its confines. 

St. Paul River—Tageing at St. Paul River on the eastern section 
of the north shore of the Gulf of St. Lawrence was conducted in an 
estuary some 10 or 12 miles in length. Two-thirds of the salmon 
showed to and fro movements, being taken within the estuary above 
and below the point of tagging. One-third left the estuary and were 
taken on the nearby outer coast. The tagging in this locality demon- 
strated that the movements of salmon within an estuary are erratic 
and that salmon taken in the estuary of a river do not necessarily 


enter that river for the purpose of spawning, but at times leave for 
other rivers. 
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AN AERATING DEVICE FOR USE IN THE TRANSPORTA. 
TION OF FISH 


A. E. BuRGHDUFF 


California Division of Fish and Game 
San Francisco, California 


* The desirability of having water aerated automatically during the 
transportation of fish from hatcheries to the locality of planting has 
forced the development of many types of aerating apparatus, most 
of which, because of their cost or generally bulky characteristics, were 
applicable only to heavy types of planting equipment. We have now, 
by assembling commercially available equipment, built up a light type 
of aerator that is capable of aerating up to twenty-five cans of fish 
successfully and which can be installed complete for approximately 
fifteen dollars. It is the purpose of this paper to describe this new 
aerator. 

This assembly consists first of a small-diaphragm air compressor 
operated directly by an ordinary automobile generator, used as a mo- 
tor. No alterations are necessary in the wiring or methods of electrical 
connection ; the generator is simply installed and used as a motor. This 
motor operates from the car battery; it consumes little current, and 
when the ear is in use the load is carried by the generator rather than 
by the battery. 

A rubber tube connects the compressor outlet with a manifold 
distributor mounted alongside the loading space or across the back 
of the cab. From this manifold, which is a 36-inch piece of 14-inch 
brass pipe, rubber lead tubes of the proper length reach all cans of 
fish. Attached to the end of each tube is an Aloxite carborundum 
tip or ‘‘releaser’’ which breaks the air into minute bubbles and pro- 
vides much better aeration than was possible from the older types 
of releasers. At the end of the manifold is provided a peteock to 
serve as a by-pass for excess air. It has been determined that a pres- 
sure valve does not work satisfactorily at the low pressure used with 
this equipment. Each tube leading from the manifold is provided 
with a ring clamp which provides individual control of the air reach- 
ing each can. When the air is flowing to all cans at the same rate the 
by-pass petcock is opened to adjust the general rate of flow. Since 
it has been determined that fish consume about twice as much oxy- 
gen during the first hour in the cans as they require subsequently, 
a part of the air will need to be released through the by-pass after 
the first forty-five minutes or one hour. 

As cans of fish are removed from the truck for planting, it is neces- 
sary to control the air so that the remaining cans will receive the 
proper amounts. This control can be accomplished by closing the 
ring clamps on the tubes leading to the cans that are removed and 
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by adjusting the petcock on the by-pass to permit the additional ex- 
cess air to be released. A more simple method, and one requiring 
less adjustment, is to refill the first can emptied and, as additional 
cans are removed, to place the unused releasers in this can. This 
method of operation seldom renders necessary the readjustment of 
the ring clamps and makes possible all essential adjustments with the 
by-pass petcock. 

A 12-inch side board is placed on the trucks to prevent direct wind 
currents from coming in contact with the cans and all cans are cov- 
ered with four layers of 10-ounce burlap, which is kept wet. This 
combination reduces greatly the ice requirements—an excellent fea- 
ture—for the sudden drop in temperatures that occurs with the in- 
troduction of ice is detrimental and should be avoided whenever 
practicable. With this equipment in use there is no reason for haste 
in planting ; the men can leave the truck for any reasonable period of 
time with assurance that the fish will remain in good condition. 

With the old system of hand aeration, the oxygen content of the 
water varied, and as a result the fish went through periods of dis- 
tress. With each change the fish became gradually weaker and often 
reached their destination in a very poor condition. 

With the oxygen content held constant at near saturation, the 
destination will be reached with fish in good condition and 30 per 
cent more fish can be carried in each can. Undoubtedly, an increased 
percentage of survival can be expected with the use of the new 
aerator. Proper aeration is particularly important in California, 
as our distances are so great. The assembly also has the advantage 
of being simple, inexpensive and as nearly ‘‘fool-proof’’ as any me- 
chanical assembly could be. Improvements and refinements unques- 
tionably will be made in this equipment, but as developed at present 
it provides a great improvement over our earlier methods of aeration. 


DISCUSSION 


Dr. R. P. Hunter: May I ask for further information about the type of com- 
pressor that is used? 


Mr. BurGHDUFF: The development of a diaphragm type of compressor is the 
only thing that made possible a unit of this kind. With a reciprocating type of 
compressor, much more power is required. As a matter of fact the little gener- 
ator which we use as a motor develops only about one sixteenth of a horsepower. 
The same power applied to a reciprocating type of compressor, would not de- 
liver sufficient air to aerate the twelve or fourteen cans of fish carried by the aver- 
age truck. When this little motor is connected to a diaphragm air compressor 
which Sears, Roebuck and Co. sell at $3.35 each, we can aerate twenty-five to fifty 
cans of fish, depending upon the speed of the motor. These reconditioned motors 
we are using, taken from all types of automobiles, vary greatly in speed, but the 
faster ones will provide enough air to aerate forty to fifty 10-gallon cans of fish. 

I might mention one other thing in connection with these tests. For a number 
of years we had had a considerable amount of trouble with the death after release 
among fish planted from different types of equipment. Dr. Paul Shaw, our chem- 
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ist, finally found the cause to be a metallic poison which did not affect the fish 
during transportation, in fact did not affect them until a number of hours after 
they were released in the streams. From careful observations we found that the 
loss would be sometimes as high as 40 to 50 per cent among fish that apparently 
went into the streams or lakes in splendid condition. The metallic poisoning 
originated in our water circulating tanks, which carry 500 gallons of water. Part 
of the piping in these tanks was made of galvanized iron. You cannot have the 
least bit of galvanized iron in any water in which you are earrying fish, without 
courting disaster. When we were developing this aerating equipment we pur. 
chased small ecarborundum blocks with a cadmium tube already in them. We 
found in our tests that the fish commenced to die in from twelve to sixteen hours 
after they were placed back in troughs or tanks. We eliminated this little piece 
of cadmium pipe and put in a piece of brass or rubber tubing instead, and the 
fish no longer were affected. If, therefore, you want to avoid disaster, do not use 
galvanized iron or cadmium, or anything other than plain brass or rubber tubing. 


Mr. GLEN LEACH: Is it Mr. Burghduff’s opinion that the nature of the water 


itself may have something to do with the condition resulting from the use of 
galvanized piping? 


Mr. BurGupuFrFr: The quantity of zine necessary to affect fish is so small that 
you get it under almost any conditions. 


Mr. LEAcH: In the Bureau of Fisheries we use galvanized pipe almost exclu- 


sively for our water supply. We use it in our fish-distribution cars and trucks, 
and we have never had any adverse results. 


Mr. BurGHpurFr: To what extent did you check the results after the fish were 
planted? 


Mr. LEACH: We use various approved systems for supplying oxygen to the fish— 
oxygen tanks, air under pressure, water circulation. About two months ago we 
sent 80,000 3-inch brook trout a distance of about 400 miles in one of our large, 
specially equipped fish-distribution trucks, in which we have a water circulating 


system, fitted with galvanized pipes. The fish were landed without any ap- 
preciable loss. . 


Mr. BurGHDuFF: In what condition were they twelve hours later? 


Mr. LEACH: We have every reason to believe they were in good condition. We 
transferred them to the hatchery and we had no complaints. They were not re- 
leased in the stream; we have a sub-station in the vicinity where we hold the fish 
and rear them. We have had no complaints up to the present time, and the de- 
livery was made two months ago. If the pipe is cleaned properly we never have 
any trouble. We have had trouble in transporting trout in galvanized iron cans. 
The use of a copper solution will overcome much of the difficulty occasioned 
through the use of galvanized iron cans. 


Mr. Burenpurr: I will agree with that. We find that copper will offset 
largely the effect of the galvanizing. In fact if you hang copper screens or 


copper valves or scrap copper of some kind into the tank, it will neutralize the 
effect of the zine. 


Dr. Pau. SHaw: I believe it is quite possible that galvanized metal which con- 
tains a certain amount of copper would obviate the difficulties that have been 
described. A strip of copper in with the galvanized iron neutralizes the toxicity. 
I may add that there seems to be also a tendency on the part of the fish to develop 
resistance to zine poisoning. 


Mr. LEACH: This question of the distribution of trout is a very important one, 
and one in which a great many of the states are interested. The success of our 
work depends upon our devising means of carrying it out successfully. If you 
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ean see that fish are in good condition twelve to forty-eight hours after they 
have been released, you know you are handling the fish properly. The Bureau 
of Fisheries made some experiments in the use of water circulation, and also in the 
use of air. We use air probably on a larger scale than we do water circulation, 
because our fish distributing cars are equipped with air compressors. The air is 
put under pressure of 80 to 100 pounds, and is cut down to 3 pounds with redue- 
ing valves when it is released in the cans with the fish. We are using air on our 
fish distribution trucks. Lately we have experimented with the booster pumps that 
are used on some of the larger trucks—by building up an air pressure in a tank 
to 25 or 30 pounds and then reducing it to 2 or 3 pounds. Up to the present time, 
however, we have been able to carry more fish by circulating water; with large 
fish distribution trucks we can carry 80,000 to 100,000 3-inch trout in one truck. We 


earry about a hundred and twenty of the 5-gallon distribution buckets in a truck 
equipped with air. 


Mr. BURGHDUFF: I am interested very much in Mr. Leach’s remarks. At the 
present time we are also putting air equipment on our water-cireulating tanks. We 
have found that in handling the larger fish where the tank is loaded heavily it is 
necessary to circulate a large amount of water in order to put the proper amount 
of oxygen into the water. Although the agitation of the water does not affect the 
larger fish, if you are carrying smaller fish for any length of time they are 
harmed by the movement of the water; the rainbow or steelhead trout fight the 
current all the time. It is not disastrous to eastern brook trout or Loch Leven 
trout, but with the rainbow, the steelhead or the black-spotted native trout, this 
constant agitation of the water is very trying. Therefore, we are putting air 
equipment on with our water circulation system so that we do not have to circulate 
the water too rapidly and cause violent agitation at all times. At the present 
time, we believe that the ultimate solution of aeration is going to be a combina- 
tion of air and water, that is, putting the air directly into the water for aeration 
and cireulating the water without making an extreme agitation in the tank. 


Mr. LEACH: So far as agitation of the water is concerned, it enters into our 
tanks at a pressure of 30 to 40 pounds. We have a small %4-inch pipe, surrounded 
with a 1l-inch pipe, that goes down almost to the bottom of the tank. This larger 
pipe, with the water going down through it, carries a lot of air. That arrange- 
ment does away with the boiling action or agitation of which you speak. 
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AMERICAN FISHERIES SOCIETY 
Organized 1870 


CERTIFICATE OF INCORPORATION 


We, the undersigned, persons of full age and citizenship of the United States, 
and a majority being citizens of the District of Columbia, pursuant to and in 
conformity with sections 599 to 603, inclusive, of the Code of Law for the Dis- 
trict of Columbia, enacted March 3, 1901, as amended by the acts approved 
January 31 and June 30, 1902, hereby associate ourselves together as a society 
or body corporate and certifying in writing: 

1. That the name of the Society is the American Fisheries Society. 

2. That the term for which ‘t is organized is nine hundred and ninety-nine 
years. 


3. That its particular business and objects are to promote the cause of fish 
culture; to gather and diffuse information bearing upon its practical success, and 
upon all matters relating to the fisheries; to unite and encourage all interest of 
fish culture and the fisheries; and to treat all questions of a scientific and economic 
character regarding fish; with power: 


(a) To aequire, hold and convey real estate and other property, and to estab- 
lish general and special funds. 


(b) To hold meetings. 
(ec) To publish and distribute documents. 
(d) To eonduct lectures. 


(e) To eonduct, endow, or assist investigation in any department of fishery 
and fish-culture science. 


(f) To aequire and maintain a library. 
(g) And, in general, to transact any business pertinent to a learned society. 


4. That the affairs, funds and property of the corporation shall be in general 
charge of a council, consisting of the officers and the executive committee, the 
number of whose members for the first year shal] be seventeen, all of whom shall 
be chosen from among the members of the Society. 


Witness our hands and seals this 16th day of December, 1910. 


SEYMouR BowER (Seal) 
THEODORE GILL (Seal) 
E. MEEHAN (Seal) 
THEODORE S, PALMER (Seal) 
BERTRAND H. ROBERTS (Seal) 
Hueu M. SmitTH (Seal) 
RIcHARD SYLVESTER (Seal) 


Recorded April 16, 1911. 


CONSTITUTION AND BY-LAWS 
OF THE 


AMERICAN FISHERIES SOCIETY 
(As Amended June 27, 1939) 


ARTICLE 


NAME AND OBJECT 


The name of this Society shall be American Fisheries Society. 


The objects of this Society shall be to promote the cause of fish culture and 
its allied interests; to gather and diffuse information on all questions pertaining 
to fish culture, fish, and fisheries; and to unite and encourage those interested in 
fish culture, and fisheries problems. 


ARTICLE II 
MEMBERSHIP 


The membership of this Society shall be classified as follows: Active, Club, 
Libraries, State, Patron, Honorary, and Corresponding. 


Active Members.—Any person may upon a two-thirds vote of the members 
present at any regular annual meeting and upon the payment of one year’s dues 
become an active member of this Society. The annual dues of active members shall 
be three ($3.00) dollars per year, payable in advance. Any active member may 
upon payment of fifty ($50.00) dollars become exempt from the payment of 
annual dues though retaining the privileges of active membership for the dura- 
tion of his life. 


Club Members.—Any sporting or fishing club or society, or any firm or cor- 
poration, upon a two-thirds vote of the members present at any regular meeting 
and upon the payment of one year’s dues, may become a club member of this 
Society. The annual dues of club members shall be five ($5.00) dollars per year. 


Libraries.—Libraries may be admitted to membership upon a two-thirds vote of 
the members present at any regular meeting and the payment of one year’s dues. 
The annual dues for libraries shall be two ($2.00) dollars per year. 


State Memberships.—-Any state, provincial or federal department of the United 
States, Canada or Mexico may become a state member of this Society upon a 
two-thirds vote of the members present at any regular meeting and the payment 
of one year’s dues. The annual dues for State memberships shall be twenty 
($20.00) dollars per year. 


Patrons.—Any person, society, club, firm or corporation, on approval of the 
Executive Committee and the payment of fifty ($50.00) dollars or more, may 


become a patron, and shall be listed in all the published membership lists of the 
Society. 


Honorary and Corresponding Members.—Any person may be made an honorary 
or corresponding member of this Society upon a two-thirds vote of the members 
present at any regular annual meeting of the Society. The President of the 
United States, the President of Mexico, the Governors of the several states, and the 
Secretary of the Interior of the United States, the Governor-General of Canada, 
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the Lieutenant-Governors of the several Canadian provinces, and the Dominion 
Minister in Charge of Game and Fisheries shall be honorary members of this So- 
ciety while occupying their respective official positions. 


Election of Members between Annual Meetings.—The President, Secretary and 
Treasurer of the Society are hereby authorized to act upon all applications for 
memberships received while the Society is not in session. 


Rights and Duties of Members.—Active members in good standing only shall 
have the right to vote at regular or special meetings of the Society. Any mem- 
ber is held to be in good standing whose dues are not more than one year past 
due. In case of non-payment of dues for one year, proper notice shall be given the 
member by the Treasurer in writing, and if such member remains delinquent one 
month from the date of such notice, his name shall be dropped from the roll of 
the Society. Such delinquent member, having been dropped for non-payment of 
dues, shall be ineligible for election as a new member for a period of one year, 
except upon payment of arrears and current dues. Each member of the Society 
in good standing, except honorary members, shall receive one copy of the annual 
volume of Transactions. 


Quorum.—Twenty voting members shall constitute a quorum for the transaction 
of business at annual or other meetings of the Society. 


ARTICLE III 


FunpDs 


Current Fund.—All moneys received from the payment of dues of active mem- 


bers, club members, libraries, life members, state members, sale of Transac- 
tions, contributions thereto, and from any miscellaneous sources, shall be credited 
to the Current Fund of the Society and shall be paid out only on vouchers 
regularly approved by the President and Secretary. 


Permanent Fund.—tThe President, Secretary and Treasurer shall be the Trus- 
tees of the Permanent Fund. All moneys received from patrons, bequests and 
contributions thereto shall be credited to the Permanent Fund of the Society. 
Such fund shall be invested by the Treasurer in such manner as may be ap- 
proved by the trustees of such fund. The members of the Society shall, at each 


annual meeting, determine the disposition of interest accruing from such in- 
vestment. 


ARTICLE IV 
OFFICERS 


The officers of this Society shall be a president, a first vice-president, and a 
second vice-president, all of whom shali be elected for the term of one year and 
shall be ineligible for reelection to the same office until a year after the expira- 
tion of their terms; a secretary, a treasurer, a librarian, and five vice-presidents, 
one to be in charge of each of the following divisions or sections: 


. Fish Culture. 

. Commercial Fishing. 
Aquatic Biology and Physics. 
Angling. 
Protection and Legislation. 


The officers specified above, and the president of the previous year, shall form 
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an Executive Committee* with authority to decide the policies of the Society 
and to transact such business of the Society as may be found necessary. The 
Executive Committee is authorized to fill from the membership any vacancies that 
may occur in any offices between meetings. A majority of the Executive Com. 
mittee shall constitute a quorum. 

Only members in good standing who are in attendance or have been in atten- 
dance at one of the two immediately preceding meetings shall be eligible for 
election to the offices listed above and for appointment to any committee, except 
the members of the Committee on Common and Scientific Names of Fishes. 

The officers shall be elected by a majority vote at a regular meeting, a quorum 
being present. 

No officer of this Society shall receive any salary or compensation for his 
services and no allowances shall be made for clerical services except by vote 
of the Society at regular annual meetings. 


Duties of Officers—The President shall preside at the regular and all special 
meetings of the Society and shall be ex-officio chairman of the Executive Com- 
mittee. 

The first Vice-President shall act in the place of the President in case of 
absence or inability of the latter to serve. 

The Secretary shall keep the records of the Society, conduct its correspondence, 
promote its membership, and arrange for regular and special meetings. The 
Secretary shall also attend to the publication and distribution of the annual is- 
suance of Transactions. 

The Treasurer shall receive and collect all dues and other income of the Society, 
shall have the custody of its funds and pay all claims which have been duly ap- 
proved. The Treasurer shall furnish a bond in the sum of seven thousand, five 
hundred ($7,500) dollars to be approved by the Executive Committee and to be 
paid for by the Society. The offices of Secretary and Treasurer may be occu- 
pied by the same person. 

The Librarian shall have the custody of the library of the Society, including 
its permanent records and printed Transactions, and shall have charge of the 
sale of surplus copies of such Transactions. 

The Vice-President of each division shall become conversant with the subject 
of his division and present a report on it at the regular meeting, placing em- 
phasis upon developments during the past year. 

Committee members shall cooperate in performing the functions of their ap- 
pointments and render reports as directed by the President. 


ARTICLE V 
STANDING COMMITTEES 


The standing committees shall be Executive; Foreign Relations; Common and 
Scientific Names of Fishes; and Publications. The Committee on Publications 
shall be appointed by the President. The Executive Committee shall be selected 
as provided for by Article IV. 


The Committee on Foreign Relations shall be composed of seven members se- 
lected by the nominating committee for election, and its duties shall be to ex- 
change ideas pertaining to the various phases of fisheries administration, biology, 
including fish culture, with foreign fisheries biologists, conservation and fisheries 
administration officials, fish-culturists or aquicultural societies. A report based 
on such exchange should be presented at each regular meeting. 


The Committee on Common and Scientific Names of Fishes shall be composed 
of seven members selected by the nominating committee for election. Its duties 
shall be to establish and maintain in the files of the Librarian of this Society a 


*The Council was discontinued and the Executive Committee enlarged by 
Amendment to By-Laws, September 11, 1935. 
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correct check list of the species of fishes occurring in the waters of the United 
States and Canada. This list should contain both scientific and common names. 
The Committee on Publications shall be composed of five members, and its 
duties shall be to select and edit manuscripts submitted for publication. Papers 
shall be submitted ready for publication within thirty days after the close of the 
regular meeting. Such papers, together with the minutes of the regular and 
special meetings and the reports of the various divisions and committees, shall be 
published in an annual volume which shall be numbered in series with previous 


volumes and entitled: TRANSACTIONS OF THE AMERICAN FISHERIES 
SOCIETY. 


ARTICLE VI 
MEETINGS 


The regular meeting of the Society shall be held once a year, the time and 
place to be decided upon at the preceding meeting, or, in default of such action, 
by the Executive Committee. Special meetings shall be called by the President 
upon approval of a majority of the Executive Committee. 


ARTICLE VII 
ORDER OF BUSINESS 


Call to order by the President. 
Roll call of members. 
Application for memberships. 
Reports of officers: 
President 
Secretary 
Treasurer 
Vice-Presidents of Divisions 
e. Standing Committees 
f. Special Committees 
Committees appointed by the President: 
a. Committee of five on nomination of officers and standing committees for 
the ensuing year. 
Committee of five on time and place of next meeting. 
Committee of five on resolutions. 
Auditing committee of three. 
Committee of three on program. 
Committee of three on publicity. 
. Committee of five on publications.* 
Reading of papers and discussions of same. In the reading of papers prefer- 
ence shall be given to the members present. ‘ 
Miscellaneous business. 
Adjournment. 


ARTICLE VIII 


CHANGING By-Laws 


The By-Laws of the Society may be amended, altered or repealed by a two- 
thirds vote of the members present at any regular meeting, provided at least 
twenty-five members are present at said regular meeting. 


*A resolution adopted August 24, 1937 established a staggered committee of five and 
provided that each succeeding President shall appoint one new member for a term of five 
years and designate the Chairman of the Committee. 
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INSTRUCTIONS FOR PREPARING AND EDITING MANU. 
SCRIPTS FOR THE TRANSACTIONS OF THE 
AMERICAN FISHERIES SOCIETY 


(REVISED 1940) 


Please check each item below before the final typing of your manuscript and 
help your Society reduce the costs of publication, save your Editorial Committee 
(which works gratis) much needless work, time, and expense, and avoid delay in 
the publication of the Transactions. 


The following instructions were not drawn up arbitrarily but were condensed 
from the regulations contained in the best style manuals (Government Printing 
Office Style Manual; University of Chicago Style Manual). Certain instructions 
may appear unnecessary, but they are nevertheless essential for the proper han- 
dling of materials by the printer and the editor. 


I. MECHANICAL DETAILS 


1. Manuscript must be typewritten double-spaced. Use one side only of sheet. 
Do not fold manuscript. 


2. Carbon copies will not be accepted. Do not use thin, transparent paper. 
Heavy bond paper is preferred. 


3. Margins at top, bottom, and both sides should be about 1% inches to allow 
space for necessary corrections by editor. 


4, Pages must be numbered in consecutive order, including the bibliography, 
tables, charts, and photographs. Tables, charts, and all illustrations must be 
inserted near their place of reference in the text. 


5. Illustrations. Make separate pages of tables with headings (not of leader 
work), of diagrams, charts, and illustrations, and limit the number to those ab- 
solutely necessary to clarify or supplement text. Tables and cuts cost money! 
Only sharp, glossy photos can be used. All drawings, charts and diagrams should 
be prepared in waterproof India ink on Bristol Board, other perfectly smooth 
white paper or cardboard, or tracing cloth. Graph paper must not be used. No 
erasures should be made. Shading should be limited to a minimum and when used 
the shading lines should be kept open. The curves of graphs should be drawn much 
bolder than any guide lines or ruling. Lettering should be bold and sufficiently 
large and spaced apart so that the letters or numbers will not be less than 1 
millimeter high or come in contact when reduced. Drawings should be made at 
least twice the size required for reproduction, and when large should be of 
proper proportion so that they will not exceed 41%, by 6% inches (inclusive of 
legends) when reduced. All explanatory matter other than the units along each 
axis of a graph or diagram and those designations needed for clarity should 
be placed in the legend. The legend, which should be typewritten on a separate 
sheet, will be set in type below the figure. 

Make proper reference in text to all plates, figures, maps, charts, and tables, 
and designate all of these, except tables, as figures, numbering them in consecu- 
tive order with Arabic, not Roman, numerals. 


6. Footnotes in text should be numbered consecutively and should be placed 
immediately after the full line of text in which the reference mark occurs, but 
do not break a line of text to insert footnote. Separate the footnote from the 
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text by two horizontal lines, one above and one below the note. In each new 
table footnotes should begin with 1. 


7. The title of the manuscript, together with the author’s name (write out in 
full either one or both of the Christian names and do not use the word ‘‘by’’), 
position or department, and post office address, should always appear at the top 
of the first page of the manuscript as follows, allowing at least triple space be- 
tween lines to permit the insertion of instructions to the printer: 


REPORT ON THE DISEASES OF BROOK TROUT 


JOHN EpwarD DoE 
Department of Conservation, Lansing, Michigan 


8. Underscore (italics) all scientific names of genera and species, both ani- 
mals and plants, in both text and tables. Do not.underscore or use all capital 
letters for scientific names of an order higher than the genus: Esocidae; Esox 
lucius. Do not underscore unless italics are intended. 


9. Inspect papers in the last volume of the Transactions if you have questions 

concerning the arrangement of materials. 
II. STYLE 

10. Bibliographic references in text should give name of author and year of 
publication in parentheses, thus (Doe, 1932). Do not use letters or numbers or 
footnotes for references. If more than one publication by the same author is 
given for a year, use the alphabet to designate the correct paper, thus (Doe, 
1932a) or (Doe, 1932b). In the bibliography do not repeat the author’s name 
if reference is made to more than one of his publications, but list his publications 
in chronological order beginning with the earliest one. In citing a joint publi- 
cation invert the name of the senior author but not of the co-author or co-authors. 
Do not include any references not mentioned in the text. List authors in alpha- 
betical sequence. Capitalize the first word and proper names only in the title. 
Follow the arrangement given below to be placed at end of paper: 


Literature Cited 


Doe, John C., J. W. Brown, and H. W. Green. 
1939. Report on the diseases of brook trout. Trans. Am. Fish Soc., 1938, Vol. 
68, pp. 450-461. 


Note that the year of publication precedes the title and the year of the meeting is 
stated in the reference. 

Please check your references carefully as to titles, spelling, capitalization, italics, 
diacritical marks, abbreviations, etc., against their original sources, after the final 
typing, and state beneath your bibliography that you have done so. Many biblio- 
graphic titles published in the Transactions have been found to be incomplete and 
very inaccurate. Help us correct this situation. 


11. Tables. Every table should have a heading and must be typewritten on 
a separate page. Insert tables among the text pages near the points where they 
are discussed. Number tables consecutively with Arabic, not Roman, numerals 
(1, 2, 3, ete.). Abbreviate the word ‘‘number’’ (No.) when referring to a spe- 
cial number—not when referring to quantity or things. Spell all other words in 
tables, including such words as ‘‘ millimeters,’’ ‘‘ounces,’’ and ‘‘average’’ (except 
months with date, in body of table), and capitalize, as a rule, the first word only 
in headings in the first column or over other columns. Precede all decimal num- 
bers with zero. Use dollar sign only with first number at top of column and under 
each cross rule. Note that no vertical lines are used to separate columns! 
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12. Capitals. Capitalize words when used as part of a proper name or of an 
identifying number or letter, or when referring to a particular State, Government, 
and to organized bodies, or when used as proper names. For example: Lake 
Michigan, State of Michigan, or the State, the Province, the Republic, or the 
National and State Governments, Washtenaw County, Ann Arbor Township, 
Huron River, Pacifie Ocean, North Atlantic, Northern States, Reservoir No. 1, 
Boulder Dam, Pond No. 1 or Pond A, State Fish Farm No. 1, Pisgah National 
Forest, American Fisheries Society. 

Capitalize names of sections of the United States, or of any other country. 
as Middle West, but lower-case a term prefixed to any such sections, as eastern 
North Atlantic States. 

Capitalize any term (except page or pages and age group) preceding Roman 
numerals, as Article I, Chapter II, Sample VI, ete. Also capitalize such terms 
as Appendix 1 or Appendix A, Experiment 2, Table 4, and Figure 8 (referring 
to illustrations). 

Use lower case for scientific and common names of species. Capitalize scien- 
tific names of higher orders. 


13. Abbreviations. 
(a) Abbreviate the following: 
Clock time, if connected with figures—2:30 a.m. 
Temperatures—F. (Fahrenheit). 
Degrees, whether referring to temperatures, longitude and latitude, or angles, 
ete.—75°, 75° F., 75° C. 
‘*Number,’’ when preceding figures—No. 125; otherwise spell out. 
‘“United States,’’ if preceding name of a department or a bureau or a vessel, 
ete.—U. S. Bureau of Fisheries, U. 8. S. Indiana. 
Months, in body of tables and footnotes to same when followed by day of 
month—Apr. 5-Sept. 2 (but Apftil-September). 
(b) Do not abbreviate the following: 
States, cities, ete. 
Months, in text or in headings of tables—April 5-September 2 


Measures and weight, except p.p.m.—6 inches, 20 millimeters, 5 ounces, 1.5 
acres, ete. 


Percentage—12 per cent, a percentage of 25.5. 


14. Numerals. Spell out all isolated numbers less than 10, but use figures in 
a group of enumerations when any one number of that group is 10 or greater. 
Do not spell out numbers of two or more digits (exeept round numbers of ap- 
proximations: estimated at five hundred; a thousand fish), and always use a 
comma in a number of four or more digits. Treat alike all numbers in a series 
of connected groups. For example: There were nine trout. There were 9 trout, 
120 bass, and 50 pike. 

Use figures for all enumerations of quantities and measurements, such as dimen- 
sion, weight, area, volume, distance (if fraction spell out, as one-half mile), clock 
time, time, money, percentage, degrees, proportion or ratios, age, dates, page num- 
bers, decimals, and mixed numbers (spell out common fractions if alone: one- 
eighth inch). For example: $3.00 pef 20 pounds; 5 feet 6 inches; about 10 miles; 
6 acres; 15 eubie centimeters; 4:30 p.m.; fish died in 1 hour and 20 minutes at 30 
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minutes past 4 o’clock; 25.5 per cent; 75° F.; 1:10,000; trout 2 years 6 months 
old; 2-year-old trout; June 29, 1936; the 1st of January, 1938, the 20th day of 
March; 1937-38; 4.5 p.p.m.; 0.25; 14% pages; page 215. 

Write 8 by 12, not 8 x 12 unless multiplication is indicated. Write 50-50, not 

Do not use two figures when two numbers appear together, unless the first enu- 
meration exceeds 100: ten 12-room houses; twenty 6-inch trout; 120 6-inch trout. 

Spell out figures beginning a sentence, but avoid such use of numerals if pos- 
sible. Spell out both numbers of two related amounts at the beginning of a sen- 
tence in such expressions as ‘‘ Twenty to twenty-five trout,’’ but write ‘‘Two hun- 
dred fifty bass and 325 trout were shipped.’’ 

Spell out such indefinite expressions as the following: Between two and three 
hundred fish; there were thirty or forty thousand trout. 

In expressing large numbers the word million (or a similar larger group term) 
may be spelled out: 20 million, 2% billions. 


15. Use of hyphen. Many compound words when used as nouns are not hy- 
phenated but require use of the hyphen when used as adjectives. For example 
note the following sentences: ‘‘This was cold water.’’ ‘‘Trout are cold-water 
fish.’’ Write ‘‘fish culture,’’ but ‘‘fish-culturist.’’ Check your manuscript care- 
fully for use of hyphen. The words, ‘‘subspecies,’’ ‘‘upstream’’ and many other 
words originally of compound derivation are written without a hyphen. 


Write ‘‘largemouth’’ and ‘‘smallmouth’’ as one word when referring to black 
bass. 


III. SUBJECT MATTER 


16. Condense your paper to the limit and omit all needless verbiage to reduce 
cost of printing. The manuscript should be simple, direct, clear, concise, accurate, 
consistent, and complete. Accuracy in subject matter, in scientific names, and 
in bibliography is especially important. Have your associates read and criticize 
your paper before the final typing. Papers which are too poorly written will be 
rejected. Do not expect your Editorial Committee to rewrite your manuscript. 


17. Be definite in references to species. The scientific name, and wherever 
needed the complete common name, that will identify the species about which the 
paper is written should be included in the title as well as in the text, unless the 
number of species is too large. Such names as ‘‘bass,’’ ‘‘trout,’’ ‘‘pike,’’ and 
‘‘nickerel’’? apply to any one of several species. Do not write ‘‘smallmouth,’’ 
‘“brook,’’ ‘‘rainbow,’’ ete., when you mean ‘‘smallmouth black bass,’’ ‘‘ brook 
trout,’’ ‘rainbow trout,’’ ete. 


18. Things to avoid. The words “case,” “instance,” “show,” “found,” 
‘“gave,’? and ‘‘present’’ are overworked in manuscripts, the same word some- 
times appearing several times in one paragraph. 

Avoid the repeated use of participles which, as a rule, weaken sentences. In 
the following illustration note the improvement when the words in parentheses are 
used: ‘‘The principles underlying (that underlie) the production of beef are es- 
sentially the same as those involving (that are involved in) the production of 
bass.’? 


Avoid split infinitives. Please check your manuscript for this exceedingly com- 
mon error. 

Avoid the use of this and these as substantives. Compare, for example, the 
following two sentences for effectiveness: ‘‘ This was true in every case.’’ ‘‘The 
mortality was high in every pond.’’ 


19. Abstract of paper. Give a condensed summary or brief abstract at the 
beginning of your paper. 


Prepared by Publications Committee, John Van Oosten, Chairman, 
February, 1937 (revised 1940). 
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Abalone, 29 
Abundance 
Great Lakes fishes, 33 
halibut, 41 
Acetic acid 
treatment for diseases, 96 
Acipenseridae 
Acipenser fulvescens, 63-84 
Adams, William C., 35-36 
Aeration 
during transportation, 296-299 
Aeshna sp., 252 
Age 
cutthroat trout, 219 
Lake Michigan fishes, 77-81 
Alabama 
productivity, fish ponds, 101-105 
Alaska 
Japanese fishery activities, 40-41 
salmon fisheries, 29-31 
Alewife 
as fish food, 24 
Algae, 253 
control, 123-124 
effect, copper sulfate, 145-146 
Alosa sapidissima, 241 
Ameiuridae 
Ameiurus melas, 207, 241 
Ameiurus natalis, 102-104 
Ameiurus nebulosus, 205-209, 220, 241 
Ictalurus punctatus, 242 
Amendment to by-laws, 57 
American River 
mining silt, 225-227 
Ammonium sulfate, 258-260 
treatment for diseases, 96 
Amphibia 
Rana catesbiana, 102 
Amphipoda, 195, 206-208 
Anax junius, 250, 252, 254 
Andes Mountains, 279-284 
Angling 
marine, 111-118 
report, division of, 36-39 
statistics, 125-131, 160, 189 
Anguillidae 
Anguilla rostrata, 143 
Anisoptera. 153, 195 
Annelida, 246, 254, 271 
Lumbricidae, 254 
Aphididae, 251 
Aphodius sp., 248, 251 
Appendices, 303-329 
Aquatie biology and physics 
report, division of, 28 
Aquatic insects (see insect orders) 
Araneae, 246, 247 
Thomisidae, 247 
Archoplites interruptus, 220 
Area 
method of measurement, 232-233 
Argentina 
fisheries, 279-284 
Argulus versicolor 
parasite, Esocidae, 271 


Arthropoda (see Crustacea and insect or- 


ders) 
Artificial propagation (see propagation) 
Asellus, 207 
Asphyxiation 
due to decreased oxygen, 197-204 
“Athlete’s foot” 
formalin treatment, 99 
Azugia angusticauda 
parasite, Esocidae, 270 


Back-swimmer, 122 
Bacterium salmonicida, 100 
Baetidae, 250, 253 
Bait, 37 
Barracuda 
statistics, 116-117 
Baskets 
hatching salmon in, 132-134 
Bass 
calico, 241 
largemouth black, 102-104, 220, 
257, 278 
parasite of, 169-175 
marine rock 
statistics, 116-117 
smallmouth black, 241, 278 
effect of rotenone, 149 
parasite of, 169-175 
propagation, 119-124 
striped, 32, 35, 180, 241 
warmouth, 241 
white sea, 117 
Bay (see proper name) 
Beetle, 122, 207, 246-254 
dytiscid, 122 
tiger, 122 
Belding, David L., 285-289, 290-295 
Belle Isle Strait, 292-294 
Berrian, William, 135-140 
Bibionidae, 251 
Bidessus sp., 248 
Big Spring Creek, 160-161. 
irds 
fish-eating, 123 
Bjorn, Eugene E., 192-196 
Blake, C. M., (dise.) 140, 167 
Blasturus cupidus, 248, 252 
Blasturus sp. 247 
Bluegill, 102-104, 241 
feeding habits, 244-256 
production in ponds, 257-262 
Board of Inquiry 
Great Lakes, 39-40 
Boar’s Back Lake, 141-157 
Boats 
charter, 112-114 
Bonito, 117 
Bonneville Dam, 242 
Bonnot, Paul, 263-267 
Borie acid 
treatment for diseases. 99 
Bosmina, 152, 248, 250, 253 
Bottom fauna 
effect, copper sulphate, 143-144 
effect, silt, 227 
Braconidae, 251 
Bream, bluegill, 102-104 
production in ponds, 257-262 
Bristol Bay 
glacial silt, 226 
Japanese activities, 40 
salmon fisheries, 30 
Brook (see proper name) 
Brown, Merrill W., 119-124 
Bryozoa, 207 
Bucephalus elegans, 271 
Bullfrog, 102 
Bullhead, 220, 241 
black, 207, 241 
common 
food and growth, 205-209 
yellow, 102-104 
Buprestidae, 251 
Burbot 
natural history, 192-196 
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Burghduff, A. E., 296-299 
Burrows, Roger E., 94-10U0 
Business sessions, 13-59 
By-laws, 304-307 
amendment, 57 


Cabezone, smooth, 180 
Cabot Strait, 290-294 
Caenis simulans, 250 
California 
drag-net fishery, 106-110 
pollution control, 90-93 
sardine fisheries, 31 
Calomel 
treatment for Octomitus, 27 
Camponotus herculeanus pennsylvanicus, 
249 
Camponotus pennsylranicus, 250 
Canada, Dominion of 
Department of External Affairs, 39 
sealing convention, 40 
Cancer magister, 107 
Carabidae, 254 
Carassius auratus, 257 
Carbohydrates, 260 
Carbon, organic, 260 
Carbon dioxide, 198-203 
Carl, G. Clifford, 132-134 
Carp, 220, 241 
as fish food, 26-27 
effects, decreased oxygen, 198-200 
tagging, 63-84 
Catch 
anglers’, 125-131, 160, 189 
per net, 110 
per unit effort, 118 
Catfish 
angling, 38 
channel, 242 
squaretail, 220 
Catostomidae 
Catostomus catostomus, 214 
Catostomus commersonnii, 149-150, 
212-214 
Catostomus fecundus, 176-177 
Catostomus syncheilus, 198-200 
Chasmistes cujus, 222 
Catostomus (see Catostomidae) 
Cayuga Lake, 205-209 
Celithemis elisa, 254 
Census 
cresol method, 231-236 
electrical method, 210-215 
stream, 231-236 
Centrarchidae 
Archoplites interruptus, 220 
Chaenobryttus gulosus, 241 
Huro salmoides, 102-104, 169-177, 
220, 241, 257 
Lepomis cyanellus, 241 
Lepomis gibbosus, 241 
Lepomis macrochirus, 102-104, 241, 
244-256, 257-262 
Micropterus dolomieu, 149-169-177, 
241 
Micropterus spp., 257 
Pomoxis annularis, 241, 257 
Pomoxis nigro-maculatus, 241, 257 
Centrorarium lobotes, 271 
Ceratopogonidae, 247-250, 254 
Cercopidae, 251 
Ceriodaphnia, 152 
Certificate of incorporation, 303 
Ceuthophilus maculatus, 250-251 
Ceuthophilus meridionalis, 254 
Chaenobryttus gulosus, 241 
Chaleur Bay 
races of salmon, 285-289 


Chaoborus punctipennis, 248-250 
Chapman, Wilbert McLeod, 197-204 
Chasmistes cujus, 222 
Chironomidae, 152 
Chironominae, 247-250, 252, 254 
Chironomus, 122, 206 
Chrysomelidae, 248, 251 
Chrysops, sp., 250 
Chub 
effects, decreased oxygen, 198-200 
“lake,” effect of rotenone, 149-150 
lake, tagging of, 63-84 
Utah lake, 176 
Chute, Walter H., 43-44 
Cicadellidae, 253 
Cladocera, 206-208 
Clark, G. H., 106-110 
Clupeidae 
Alosa supidissima, 241 
Cod 
introduction, 280 
Pacific cultus, 107 
Cod liver oil 
as fish food, 26 
for insect control, 
Coleoptera, 207, 246-254 
Aphodius sp., 248, 251 
Bidessus sp., 248 
Buprestidae, 251 
Carabidae, 254 
Chrysomelidae, 248, 251 
Coptotomus sp., 248 
Curculionidae, 251 
Dytiscidae, 122, 247-252 
Elateridae, 247 
Gyrinidae, 247-252 
Haliplus sp., 2 
Hydrophilidae, 
Scarabaeidae, 
Staphylinidae, 
Tenebrionidae, 
Collection 
cresol method, 
electrical method, 210-215 
oyster spat, 263-267 
Colpidium, 180 
Commercial fishing 
report, division, 28-35 
Commission 
International Halibut, 30, 34 
International Pacific Salmon, 30, 41- 
43 
Committee 
American Fish Policy, 50 
appointment of, 51 
auditing, report, 51 
common and scientific names, report, 
43-44 
foreign relations, report, 39-43 
membership of, 4-5 
nominations, report, 57-58 
pollution study, report, 49-50 
publications, report, 44-48 
resolutions, report, 52-53 
standing, reports, 39-48 
special, reports, 49-51 
time and place, report, 53-57 
U. S. National Resources, 90 
Common names 
report, committee, 43-44 
Conseil Permanent International pour I'Ex- 
ploration de la Mer, 28-29 
Constitution and by-laws, 304-307 
Convict Creek, 163 
Copepoda, 206-208 
Copper sulfate 
fish poison, 141-157 
toxicity, 142-146 


Index to Transactions 


Coptotomus sp., 248 
Coregonidae 
Coregonus clupeaformis, 63-84, 280 
Leucichthys artedi, 63-84 
Leucichthys spp., 63-84 
Prosopium quadrilaterale, 63-84 
Prosopium williamsoni, 241 
Corethra, 152 
Corixidae, 247-252 
Corophium spinicorne, 180-186 
Correntoso Lake, 282 
Correntoso River, 282 
Cost 
trout rearing, 88-389 
Cottidae 
Cottus asper, 180 
Cottus cognatus, 212-214 
Leptocottus armatus, 180 
Cottonseed meal 
as fish food, 24 
Cottus (see Cottidae) 
Couesius plumbeus 
effect of rotenone, 149-150 
Council of State Governments, 36, 39 
Crab 
Japanese cannery ship, 40 
market, 107 
Crappie, 257 
black, 241 
white, 241 
Crassiphiala bulboglossa, 271 
Creek (see proper name) 
Creel census, 189-190 
Cresol 
concentration for census work, 
234 
method of census, 231-236 
Cristivomer namaycush, 63-84, 220, 
280 
Croker, Richard S., 111-118 
Crustacea, 206-208, 246-255 
Amphipoda, 195, 206-208 
Argulus versicolor, 271 
Asellus, 207 
Bosmina, 152, 248, 250, 25: 
Cancer magister, 107 
Ceriodaphnia, 152 
Corophium spinicorne, 180-186 
Cyclops, 152 
Daphnia, 121-122, 152 
Diaphanosoma, 152 
Diaptomus, 152, 247-250, 253 
effect of copper sulfate, 143-145 
Epischura, 152 
Exosphaeroma oregonensis, 180-186 
Gammarus confervicolis, 180-186 
Holopedium, 152 
Hyalella knickerbockeri, 152, 247-250, 
254 
Mesocyclops obsoletus, 143 
Moina, 122 
Neomysis mercedis, 180 
Oxyurella, 152 
Polyphemus, 152 
Cubé root 
fish poison, 141-157 
Cui-ui, 222 
Curculionidae, 251 
Curtis, Brian, 125-131, (disc.) 284 
Cyclochaeta, 94-100, 169 
Cyclops, 152 
Cyprinidae 
Carassius auratus, 257 
Couesius plumbeus, 149-150 
Cyprinus carpio, 63-84, 198-200, 220, 
241 
Exoglossum mavxillingua, 214 
Hyborhynchus notatus, 273-275 


Mylocheilus caurinus, 198-200 
Notemigonus crysoleucas, 
169, 257, 273-275 
Notropis amoenus, 273-275 
Notropis c. cornutus, 214 
Notropis heterolepis, 214 
Notropis hudsonius, 273-275 
Pimephales promelas, 273-275 
Ptychocheilus oregonensis, 198-200 
Rhinichthys a. atratulus, 212-214 
Rhinichthys cataractae, 212-214 
Semotilus a. atromaculatus, 212-213 
Cyprinodontidae 
Fundulus diaphanus, 143 
Cyst 
Neascus, 276-278 


Dace 
black-nosed, 212-214 
dusky, 176 
horned, 212-213 
long-nosed, 212-214 
Dactylogyrus, 97 
Dam (see proper name) 
Dams 


effect on spawning grounds and ac- 


tivities, 30 
Damselflies (see Odonata) 
Damselfly nymphs, 195 
Daphnia, 152 
culture, 121-122 
Darter 
fan-tailed, 214 
Davis, H. S., 158-168 
Davis, Herbert C., (dise.) 55- 
Deason, Hilary J., 28-35 
Deceased members, 20, 52, 60 
Deguelia elliptica, 148 
Denmead, Talbott, 49-50 
Depletion 
commercial fishes, 28-3: 
Pyramid Lake fishery, 
Derris powder 
fish poison, 141-157 
Diaphanosoma, 152 
Diaptomus, 152, 247-250, 253 
Diets, 23-26 
Dipping 
treatment for diseases, 94-95 
Diptera, 195, 207, 246-254 
Bibionidae, 251 
Ceratopogonidae, 247-250, 254 
Chaoborus punctipennis, 248, 250 
Chironominae, 247-250, 252, 254 
Chrysops sp., 250 
Dolichopodidae, 248 
Empididae, 248 
Limnochironomus modestus, 249 
Nimulium, 185 
Stratiomyiidae, 247, 250 
Tachinidae, 251 
Tanypodinae, 247-248 
Diseases 
control in hatcheries, 94-100 
Disinfectants 
cost of, 97-98 
hatchery, 94-100 
to kill parasites, 175 
Distribution 
exotic fish, 240-243 
with trucks, 296-299 
Diversions, 220-221 
Dobson-fly larvae, 37 
Dolichopodidae, 248 
Donaldson, Lauren R., 28 
Dorosomidae 
Dorosoma cepedianum, 
Dragonflies (see Odonata) 
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Dragontly nymphs, 195 
Dytiscidae, 247-252 
Dytiscus, 122 


Editing 
instructions, 326-329 
Education 
in use of fishery products, 35 
Eel, 143 
effect of rotenone, 149 
Eel pout 
natural history, 192-196 
Efficiency 
natural spawning, 239 
Eggs 
deposition, 238 
eaten by suckers, 176-177 
effect of silt, 228 
per fish, 136, 190, 193-194, 238, 286- 
287 
per ounce, 136 
percentage hatch, 238 
salmon, 285-289 
Egret, California, 123 
Elateridae, 247 
Electrical census method, 210-215 
Embody, Daniel R., 231-236 — 
Embody, George C. (resolution), 52; (in 
memoriam), 60; (footnote), 231 
Empididae, 248 
Enallagma hageni, 248, 250 
Enallagma spp., 247, 250, 253 
Enicocephalidae, 248 
Environment 
adjustment to, 164 
Eopsetta jordani, 107 
Ephemera (see Ephemeroptera) 
Ephemerella (see Ephemeroptera) 
Ephemeroptera, 195, 207, 246-253 
Baetidae, 250, 253 
Blasturus cupidus, 248, 252 
Blasturus sp., 247 
Caenis simulans, 250 
Ephemera simulans, 247-253 
Ephemerella bicolor, 250 
Hexagenia occulta, 252 
Paraleptophlebia sp., 252-253 
Stenonema tripunctatum, 252 
Tricorythodes allectus, 250 
Epischura, 152 
Erie, Lake 
tagging fish, 64 
Escapement 
commercial nets, 108-110 
Esocidae 
Esox americanus, 268-272 
Esox lucius, 268-272 
Esox niger, 268-272 
Espejo. Lake, 282 
Etheostomidae 
Catonotus f. flabellaris, 214 
Eucylogobius newberryi, 180 
Euplotes, 180 
Evaporation 
fish ponds, 101 
Exoglossum mazillingua, 214 
Exosphaeroma oregonensis, 180-186 
Exotie species, 220, 279-284 
Experiments 
fertilization, 102-104, 257-262 
tagging, 63-84 
Trichodina infections, 94-100 


“Factor H,” 26 
Feeding 

artificial, 23-26 
Feeding habits 


common bullhead, 205-209 
grayling and bluegill, 244-256 
ling or burbot, 195 
rosyside sucker, 176-177 
Fertility 
trout eggs, 159 
Fertilization 
ponds, 102-103 
effect, 257-262 
Filaments, gill 
parasite on, 170-171 
Fish (see under common and family names) 
Fish culture 
report, division, 23-28 
Fish feeding, 23-26 
Fish, Frederic F., 85-89, 94-100, (dise.) 
139 
Fish Lake (Oregon), 162 
Fisheries 
commercial, management, 33-34 
drag-net, 106-110 
North Pacific, resolution, 52 
Pyramid Lake, 216-224 
Fishery Advisory Committee, 43 
Fishing 
commercial, report, division of, 38-35 
gear, commercial, 106-110 
Fishway, 219 
Floods 
effect on spawning, 238 
Flounder 
fisheries, 32 
starry, 180 
Food of fish 
availability and consumption, 178-127 
common bullhead, 205-209 
effect of silt, 227 
grayling and bluegill, 244-256 
ling or burbot, 195 
rosyside sucker, 176-177 
Forage fishes, 176-177 
Ford Lake, 244-256 
Foreign relations 
report, committee, 39-43 
Formalin 
treatment for trichodiniasis, 94-100 
treatment of ‘“‘athlete’s foot,” 99 
Formicidae, 248, 251 
Foster, Fred J., 18-19, (dise.) 47, 50 
Fraser River Salmon Convention, 41-43 
Fry 
effects decreased oxygen, 200-202 
enumeration, 237-238 
experimental hatching, 132-134, 135- 
140 
planted in Pyramid Lake, 220 
Fundulus diaphanus, 143 
Fungus 
on ling eggs, 195 
Furnace Brook, 160 
Furunculosis 
treatment of, 27 


Gadidae 
Gadus morrhua, 280 
Lota maculosa, 63-84, 192-196 
Gambusia sp., 104 
Gammarus confervicolis, 180-186 
Gasoline 
in insect control, 122 
Gaspé, 294 
Gasterosteidae 
Gasterosteus aculeatus, 180 
Punaitius pungitius, 149 
George Washington National Forest, 
Gerridae, 248 
Gills 
irritation of, 27 
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Glossatella, 170 
Gobiidae 
Eucylogobius newberryi, 180 
Goby, 180 
Golden shiner, 169 
Goldfish, 257 
Gomphus ewxilis, 251, 254 
Gordon, Seth, 20-22, (disc.) 47-48 
Gravel 
salmon hatching, 132-134 
Grayling, Montana, 176 
feeding habits, 244-256 
Great Lakes 
Board of Inquiry, 39-40 
fisheries, 33 
international control, 39-40 
potential sport fisheries, 37 
Green Bay 
tagging of fish, 64 
Griffiths, Francis P., 240-243, (disc.) 99 
Growth 
common bullhead, 205-209 
lake trout, 77-81 
rainbow trout, 77-81 
sturgeon, 77-81 
whitefish, 77-81 
Guests 
at meeting, 16-17 
Guillelmo River. 283 
Gulf (see proper name) 
Gutermuth, C. R., 36-39 
Gutierrez River, 282 
Gyrinidae, 247-252 
Gyrodactylus, 97 


Haddock 
fisheries, 32 
Halibut 
fisheries, 30, 41 
International Commission, 30, 34 
Pacific, 117 
Haliplus sp., 248, 250 
Haskell, David C., 210-215 
Hatchery 
diseases, 27, 99-100, 123, 169-177, 
273-278 
disinfectant, 94-100 
loss of fish, 86-87 
sterilization of troughs, 27 
Hatton, S. Ross, 106-110 
Heduris tiara, 271 
Heliosoma sp., 252-254 
Hellgrammite, 37 
Hemiptera, 207, 246-253 
Corixidae, 247-252 
Enicocephalidae, 248 
Gerridae, 248 
Miridae, 253 
Notonecta undulata, 251 
Notonectidae, 248, 250 
Heron 
Anthony's green, 123 
black-crested night, 123 
Herring 
lake, 63-84 
tagging of, 63-84 
Pacific, 31 
Hexagenia occulta, 252 
Hippoglossidae 
Eopsetta jordani, 107 
Hirudinea, 152 
Macrobdella decora, 143 
Hoffmaster, P. J., (disc.) 54, 56 
Holpedium, 152 
Homoptera, 246-253 
Aphididae, 251 
Cercopidae, 251 
Cicadellidae, 253 


Hooper Foundation for Medical Research, 
9 


Hoover, Earl E. (resolution), 52; (in me- 
moriam), 60 
Humboldt Bay 
oyster culture, 264-267 
Hunter, George W., III, 268-272 
Hunter, Russell P., (disc.) 99, 297 
Huro salmoides, 102-104, 169-177, 220, 
241, 257 
Hyalella, 188, 207 
Hyalella knickerbockeri, 152, 247-250, 254 
Hyborhynchus notatus, 273-275 
Hydracarina, 246-254 
Hydrachnidae, 254 
Hydrophilidae, 251 
Hymenoptera, 246-251 
Braconidae, 251 
Camponotus herculeanus pennsylrani- 
cus, 249 
Camponotus pennsylvanicus, 250 
Cynipidae, 253 
Formicidae, 248, 251 
Ichneumonidae, 251 
Tenthredinidae, 247 
Vespidae, 251 


Ichneumonidae, 251 
Ichthyophthiiius, 99-100, 123 
Ietalurus punctatus, 242 
Insecta (see orders) 
Inspection 
fishery products, 35 
Instructions 
preparation of manuscripts, 326-329 
International 
control, Great Lakes fisheries, 39-40 
Council, 28-29 
Fisheries Commission, 41 
Halibut Commission, 30, 34 
Pacific Salmon Commission, 30, 41-43 
Introduction 
exotic fish, 119, 240-243, 279-284 
Invertebrates, aquatic 
effect of copper sulfate, 143-144 
Investments, 22 
Irrigation diversions 
effect, spawning activities, 30 
Tsopoda, 206-208 


Jackson, Charles E., 39-43 
Jackson Lake, 176-177 
Japanese 
fisheries in Alaska, 40-41 
floating crab cannery, 40 
Jesse Lake, 141-157 


Keil, W. M. (resolution), 52; (in memo- 
riam) 60 

Kendall, William C. (resolution), 52; (in 
memoriam), 60 

Kiltifish. 143 

Klak, George E., 273-278 

Klamath River 

effect of silt, 229 


Ladder, fish, 219 
Ladona julia, 254 
Lake (see proper name) 
Langlois, T H.. (dise.) 55, 57 
Lawyer 
natural history, 192-196 
tagging, 63-84 
Leach, Glen C.. (dise.) 166, 298-299 
Leech, 188 
unaffected by copper sulfate. 143 
Legislation and protection 
report. division, 35-36 
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35 
ay 
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Leonard, Justin W., 244-256 
Lepomis cyanellus, 241 
Lepomis gibbosus, 241 
Lepomis macrochirus, 102, 104, 241, 244- 
256, 257-262 

Leptocottus armatus, 180 
Leptorhynchoides thecatus, 270-271 
Lesions 

caused by parasites, 273-275 
Leucichthys aitedi, 63-84 
Leucichthys spp., 63-84 
Libellulidae, 250-252 
Limay River, 282 
Limnaea, 188 
Limnochironomus modestus, 249 
Ling 

natural history, 192-196 
Liver 

as fish food, 23-26 
Locustidae, 251 
Lonchocarpus nicou, 148 
Lonergan pollution bill, 49 
Lota maculosa, 63-84, 192-196 
Lumbricidae, 254 


McClinton Creek 

runs of pink salmon, 237-238 
McCloud, George, (disc.) 167 
MacKay, H. H, 23-28, (dise.) 166 


Mackerel 
fisheries, 32 
statistics, 116-117 
Macrobdella decora, 143 
Macroderoides flavus, 270-271 
Management 
commercial fisheries, 33-34 
trout waters, 158-168 
Manistee Rivers 
tagging fish, 64 
Manuscripts 
instructions for preparing, 326-329 
Markets 
supervision recommended, 35 
Marlin, 117 
Marsilea quadrifolia, 205 
Mash, laying, 258-260 
Mayfly (see Ephemeroptera) 
Meal 
beef and pork, 24-25 
cottonseed, 25, 258-260 
fish, 24-26 
soybean, 24 
Meetings 
years and localities, 6-7 
Members 
deceased. 20. 52, 60 
in attendance. 15-16 
list of. 308-325 
Mexico, President of, 57 
Michigan. Lake 
tagging fish, 63-84 
Microphallus ovatus, 271 
Micropterus dolomieu, 149, 169-177. 241 
Micropterus spp., 257 
Migration 
Atlantic salmon, 290-295 
Lake Michigan fishes, 63-84 
marine fishes, 30-32 
pink salmon, 237-238 
season, 293 
Milk powder 
as fish food, 24 
Mining placer 
effect of silting produced, 225-230 
Minnow 
attractive, parasite of, 273-275 


black-head, parasite of, 3 
black-nosed, 214 
bluntnosed, parasite of, 273- 
cut-lips, 214 
silver side, 176 
spot-tailed, parasite of, 273- 
Miramichi River 
races of salmon, 285-289 
Miridae, 253 
Mollusca, 195, 246, 250-254 
Abalone, 29 
effect, copper sulphate, 143 
Gastropoda, 152 
Heliosoma sp., 252-254 
Musculium sp., 254 
Ostrea gigas 263-267 
Ostrea lurida, 263-267 
Ostrea virginica, 263-267 
Physa, 188, 250, 252 
Pisidium sp., 250 
Sphaeriidae, 152 
Moronidae 
Morone americana, 143 
Rocecus lineatus, 180 
Roceus saxatilis, 241 
Mortality 
induced by copper sulfate and rote 
none, 141-157 
induced by parasites, 169-177. 273-27 
salmon eggs, 133-134, 138-139 
Mottley, C. McC., 187-191 
Mountains (see proper name) 
Mundt pollution bill, 49-50 
resolution endorsing, 52 
Musculium sp., 254 
Mylocheilus caurinus, 198-200 


ou 


Nahuel Huapi, Lake, 282 
Neaseus, 273-278 
Needham, Paul R., 178-187 
Neoechinorhynchus cylindratus, 271 
Neoechinorhynchus tenellus, 271 
Neomysis mercedis, 180 
Nets 

commercial, 106-110 

gill, mesh size, 33 

selectivity, 106-110 
Nitrogen, organic, 260 
North American Council, 43 
North Pacific fishery 

resolution, 52 
North Sea fisheries, 28-29 
Notemigonus crysoleucas, 102-104, 169, 

257, 273-275 

Notonecta, 122 
Notonecta undulata, 251 
Notonectidae, 248, 25 
Notropis amoenus, 273-275 
Notropis heterolepis, 214 


Notropis hudsonius, 273-275 
Nymphozanthus advrena, 205 


Octomitus 
treated with calomel, 27 

Odonata, 207, 246-254 
Aeshna sp., 252 
Anax junius, 250, 252, 254 
Celithemis elisa, 254 
Enallagma hageni, 248, 250 
Enallagma spp., 247. 250, 253 
Gomphus exilis, 251, 254 
Ladona julia, 254 
Libellulidae, 250-252 
Tetragoneuria cynosura simulans, 254 
Tetragoneuria sp., 247-250 

Occetis inconspicua, 249-250 
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Officers 
list of, 3 
reports of, 20-39 
Oligochaeta, 153 
Oncorhynchus gorbuscha, 237-239 
Oncorhynchus kisutch, 135-140, 180, 201- 
202, 220, 241, 280 
Oncorhynchus nerka, 132-134, 197-204, 
241, 280 
Oncorhynchus tschawytscha, 197-204, 241, 
220, 280, 285 
Ontario, Lake 
tagging fish, 64 
Ophiodontidae 
Ophiodon elongatus, 107 
Oregon 
introduction exotic fish, 240-243 
Orthoptera, 246-254 
Ceuthophilus maculatus, 
Ceuthophilus meridionalis, 
Locustidae, 251 
Ostracoda, 206-208 
Ostrea gigas, 263-267 
Ostrea lurida, 263-267 
Ostrea virginica, 263-267 
Oxygen 
deficient, effects, 197-204 
in fish transportation, 297 
Oxytricha, 180 
Oxyurella, 152 
Oyster 
spat collection, 263-267 


Pacific Sealing Convention, North, 40 
Paralabrax clathratus, 116-117 
Paralabrax nebulifer, 1 
Paraleptophlebia sp., 2: 
Parasites 
control, 94-100 
of Esocidae, 268-2 
of minnows, 273- 
protozoan, of black basses, 169-177 
Parophrys vetulus, 107, 109 
Parvin, R. G., (dise.) 223 
Paul Lake 
rainbow trout, 187-191 
Perea flarescens, 63-84, 142-143, 
Perch, Sacramento. 220 
white, 142-143 
yellow, 241 
effect, copper sulfate, 142-143 
tagging of, 63-84 
Percidae 
Perea flavescens, 63-84, 142-143, 241 
Photosynthesis, 260 
Phryganeidae, 254 
Phyllodistomum superbum, 
Phuse sp... 250, 252 
Phytoplankton 
effect, copper sulfate, 
production in ponds, 
Pickerel 
parasites, 268-272 
Pike. northern 
parasites, 268-272 
Pilchard fisheries, 
Pilot 
tagging of, 63-84 
Pimephales promelas, 2 
Pisidium sp., 250 
Pituitary hormone 
hastens spawnin 
Plagiocirrus primus, 
Planaria, 152 
Plankton 
effect of copper sulfate, 145 
effect of rotenone, 152-153 
production in ponds, 257-262 


27-28 
1 


27 


Platichthys stellatus, 130 
Plecoptera, 195 
Pleuronectidae 
Parophrys retulus, 107, 108 
Platichthys stellatus, 180 
Pleuronema, 180 
Pneumatophorus diego, 116-117 
Pocotopaug, Lake 
parasites of fish, 268-272 
Poeciliidae 
Gambusia, sp., 104 
Pollution, 220 
control in California, 90-93 
expenditures by industries, 92 
report, Committee, 49-50 
Polycentropidae, 250 
Polyphemus, 152 
Pomolobus pseudoharengus, 24 
Pomoxis annularis, 241, 257 
Pomoxwis nigro-maculatus, 241, 
Pomphorhynchus bulbocolli, 
Ponds 
club-operated, 36 
construction, 101-102, 119-120 
fertilization, 102-103, 257-262 
productivity, 119-120 
sterilization, 27 
Pondweed, 205 
Population 
method of estimation, 2: 
study, 210-215 
Port-aux-Buasques, 292-293 
Potamogeton, 205 
Predators, 238 
President 
opening address 
past, list of, 
Pritchard, Andrew L., 237-% 
Production 
rainbow trout, 187-191 
Productivity 
bottom fauna, 178-186 
fish ponds, 101-105 
per acre, 103-104 
Propagation 
evaluation, 85-89 
ling or burbot, 194-195 
oysters, 263-267 
ponds, 101-105 
salmon, pink, 237-239 
smallmouth black bass, 119-144 
trout, 158-168 
Prorodon, 180 
Prosopium quadrilaterale, 63-84 
Prosopium williamsoni, 241 
Protection and legislation 
report, division, 35-36 
Proteocephalus ambloplitis, 270 
Proteocephalus pinguis, 270 
Protozoa, ciliate 
Colpidium, 180 
Euplotes, 130 
Oxytricha, 180 
Pleuronema, 180 
Prorodon, 180 
Spirostomum, 180 
Protozoa. parasitic 
Cyclochaeta, 94-100 
Dactylogyrus, 97 
Glossatella, 170 
Gyrodactylus, 97 
Ichthyophthirius, 99-100, Iv" 
Seyphidia amoebea, 170 
Scyphidia micropteri, 169 14% 
Trichodina, 94-100 
Trichodina renicola, 269 
Vorticella, 170 
Pseudophillidea, 271 
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Psocoptera 

Psocidae, 253 
Ptychocheiius oregonensis, 198-200 
Publications 

report, committee, 44-48 
Pungitius pungitius, 149 
Pyloric appendages, 285-289 
Pyramid Lake 

tisheries, 216-224 


Queen Charlotte Islands, 237 
Quinn, |. T., (dise.) 50 


Races 

Atlantic salmon, 285-289 
Kadnor Lake, 169 
Rana catesbiana, 102 
Raney, Edward C., 205-209 
Rankin, J. Stewart, Jr., 268-272 
Rate of flow 

seasonal variation, 179 
Rays, 117 
Rearing® 

cost, 88-89 
Recirculation of formalin, 94-100 
Regulations 

diversity and non-enforcement, 33-34 
Resources Committee, National, 90 
Respiration 

oxygen requirements, 197-204 
Rhinichthys a. atratulus, 212-214 
Rhinichthys cataractae, 212-214 
River (see proper name) 
Roccus lineatus, 180 
Roceus saxatilis, 241 
Rockfish, 107 

statistics, 116-117 
Rotenone 

effect on fish, 148-152 

fish poison, 141-157 

method of application, 154-155 

toxicity, 148-150 


St. Clair, Lake 
tagged sturgeon, 64 
St. Lawrence, Gulf of 
races of salmon, 285-289 
migration of salmon, 290-295 
St. Marys River, 161 
St. Paul River, 295 
Salmo (see Salmonidae) 
Salmon 
Atlantic 
eggs and pyloric appendages, 
285-289 
introduction, 280 
migration, 290-295 
chinook, 220, 241 
effects, decreased oxygen, 197-204 
coho 
hatching experiments, 132-134 
landlocked, 280 
Pacific, 117 
fisheries, 29-31 
pink 
propagation, 237-239 
quinnat, 280 
silver, 180, 220, 241 
effects, decreased oxygen. 201-202 
egg production, 136 
hatching experiments, 134-140 
introduction, 280 
sockeye, 241 
effects, decreased oxygen, 197-204 
introduction, 280 
tagging experiments, 42 


Salmon Commission, International Pacific, 
30, 41-42 
Salmon Convention, Fraser River, 41-43 
Salmonidae 
Cristivomer namaycush, 63-34, 220, 
241, 280 
Oncorhynchus gorbuscha, 237-239 
Oncorhynchus kisutch, 135-140, 130, 
201-202, 220, 241, 280 
Oncorhynchus mnerka, 132-134, 197- 
204, 241, 280 
Oncorhynchus tschawytscha, 197-204, 
220, 241, 280 
Salmo c. clarkii, 241 
Salmo clarkii lewisi, 283 
Salmo fario, 212-213, 280 
Salmo gairdnerii, 135, 137, 130, 187- 
191 
Salmo g. gairdnerii, 241 
Salmo gairdnerii irideus, 
280 
Salmo henshawi, 216-224 
Salmo irideus, 220 
Salmo kamloops, 188 
Salmo salar, 280, 285-289, 290-295 
Salmo salar sebago, 280 
Salino trutta, 220, 241 
Salrelinus f. fontinalis, 87, 148-152, 
212-214, 220, 241 
Salrelinus malma spectabilis 241 
Salt 
treatment, 94-98 
Salt-water tackle 
for catfish, 38-39 
Salvelinus f. fontinalis, 87, 148-152, 212- 
214, 220, 241 
Salvelinus malma spectabilis, 241 
Sampler 
Ekman, 180 
square-foot, 180-181 
Scarabaeidae, 247, 251, 253 
Scientific names 
report, committee, 43-44 
Scombridae 
Pneumatophorus diego, 116-117 
Scorpaenidae 
Sebastodes sp., 107, 116-117 
Screen, rotary, 220 
Seuds, 195 
Sculpin, 180, 212-214 
Scyphidia amoebea, 170 
Scyphidia micropteri, 169-177 
Sealing Convention, North Pacific, 40 
Sebastodes sp., 107, 116-117 
Secretary-Treasurer, 
report, 20-22 
Seepage 
fish ponds, 101 
Selectivity 
drag nets, 106-110 
Semotilus a. atromaculatus, 212-21: 
Sericostomatidae, 248-250-253 
Seriolidae 
Seriola dorsalis, 116-117 
Sestonosis, 27 
Shad, 241 
Atlantic, 31 
gizzard, 257 
Shapovalov, Leo, 135-140, (dise.) 89, 223 
224, 284 
Sharks, 107, 117 
Shaw, Paul A., 90-93, (disc.) 298 
Shawhan, H. W., (disc.) 55 
Shiner 
common, 214 
golden, 102-104, 
parasite of, 
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Silt 
effect on bottom fauna, 227 
effect on salmon and trout, 225-230 
placer mining, 225-230 
Simpson, James C., 176-177 
Skates, 107 
Slag, basic, 258-260 
Smith, E. V., 101-105, 257-262 
Smith, Lester, 63 (footnote) 
Smith, M. W., 141-157 
Smith, Oliver H., 63-84 
Smith, Osgood R., 225-230, (dise.) 223-224 
Snails, 195 
Snakes, water, 123 
Sodium arsenite, 124 
benzoate, 95-96 
nitrate, 102 
p—phenolsulphonate 
treatment for diseases, 95-96 
Sole 
pointed-nosed, 107, 109 
round-nosed, 107 
Soybean meal 
as fish food, 24 
Spat, oyster 
methods of collecting, 263-267 
Spatterdock, 205 
Spawning 
grounds 
in silted streams, 226 
investigation of, 30-32 
run, 189-190 
season 
common bullhead, 205 
ling or burbot, 193-194 
Sphyraenidae 
Sphyraena argentea, 116-117 
Spinitectus gracilis, 271 
Spirostomus, 180 
Spiruridae, 270 
Squaw Creek, 161 
Squawfish 
effects, decreased oxygen, 198-200 
Staphylinidae, 251, 253 
State Governments, Council of, 36, 39 
Statistics 
angling, 111-118, 125-13 
Stenonema tripunctatum, 252 
Stickleback, 
common, 180 
effect of rotenone, 149 
Stocking policy, 188-190 
results, 159-162 
Stonetly nymphs, 195 
Strait (see proper name) 
Stratiomyiidae, 247, 250 
Stream 
census, 231-236 
cresol census, 231-236 
electrical census, 210-215 
measurement of width, 232-23: 
Sturgeon 
growth, 77-81 
tagging, 63-84 
Sucker 
common, 149-150, 212-214 
fine-scaled, 214 
rosyside, 176-177 
small-scaled, 198-200 
Suffocation 
caused by poisons, 142-150, 231-236 
Sumner, Francis H., 216-224 
Sunfish 
bluegill, 102-104, 241, 244-256, 257- 
262 
green, 241 
pumpkinseed, 241 


1, 160, 189 


Surber, Eugene W., 169-1 
Swingle, H. S., 101-105, 


Tachinidae, 251 
Tadpoles, 122 
Tagging of fish, 30-32 
Atlantic salmon, 290-295 
Lake Erie, 64 
Lake Michigan, 63-84 
Lake Ontario, 64 
sockeye salmon, 42 
Tags 
lost by fish, 67 
Tanypodinae, 247-248 
Tedford Lake, 141-157 
Temperature, 282 
relation to egg development, 137-138 
relation to Ichthyophthirius, 99-100 
Tenebrionidae, 251 
Tenthredinidae, 247 
Tern 
Foster, 123 
Tetragoneuria cynosura simulans, 254 
Tetragoneuria sp., 247-250 
Tetraonchus monenteron, 271 
Thomisidae, 247 
Thompson, Fred A., 279-284 
Thymallidae 
Thymallus montanus, 244-2: 
Togue River 
mining silt, 227 
Toleration 
deficient oxygen, 197- 
Toronto, Ontario 
1940 meeting, 57 
Toxicity 
derris, 141-157 
formalin, 96 
Traful Lake, 282 
Traful River, 282 
Trawls, commercial, 106-110 
Treasurer, 
report, 20-22 
Treatment 
hatchery diseases, 94-100 
parasites, 175 
Treaty 
proposed between Canada and 
36, 39 
Trefry'’s Lake, 141-157 
Trichodina renicola, 269-270 
Trichodina sp., 94-100 
Trichodiniasis 
control, 94-100 
Trichoptera, 152, 195, 207, 246-254 
Oecetis inconspicua, 249-250 
Phryganeidae, 254 
Polycentropidae, 250 
Sericostomatidae, 248, 250-253 
Tiicorythodes allectus, 250 
Trout 
black-spotted, 283 
hatchery production, 87 
brook, 162, 212-214, 220, 241 
angling statistics, 160 
effect of rotenone, 148-152 
hatchery production, 87 
introduction, 280 
brown, 176, 212-213, 220, 241 
introduction, 280 
bull, 241 
cutthroat, 162, 176, 241 
fishery, 216-224 
Dolly Varden, 241 
evaluation of culture, 85-89 
lake. 176-177, 241 
eggs eaten by suckers, 176-177 
growth, 77-81 
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introduction, 280 
tagging, 63-84 
Loch Leven, 220, 241 
hatchery production, 87 
mackinaw, 220, 241 
rainbow, 176, 220, 241 
age and maturity, 190 
angling statistics, 160 
cost of fry, 190 
growth, 77-81 
hatchery production, 87, 191 
introduction, 280 
tagging, 63-84 
steelhead, 135, 
hatchery production, 87 
Tuna, 117 


Umpqua National Forest, 162 
sealing convention, 40 
United States 
sealing convention, 40 
U. S. Bureau of Biological Survey, 49 
U. S. Bureau of Fisheries, 49 
fishery investigations, 30-33 
pollution control, 91 
striped bass recommendation, 35 
trout culture, 85-89 
S. Coast Guard 
pollution control, 91 
. S. Customs 
pollution control, 91 
1. S. Department of Commerce 
Fishery Advisory-Committee, 43 
U. S. Department of State, 39 
U. S. Public Health Service, 49 
1. S. War Department. 91 
Utilization 
fishery resources, 34-35 
Uvulifer ambloplitis, 271 


Van Oosten, John, 44-48, 63-84 
Variation, seasonal 

bottom organisms, 178-187 
Vegetation 

effect, copper sulfate, 145 
Vespidae, 251 
Vice-presidents 

reports, 23-39 
Vorticella, 170 


Waddell Creek, 178-187 
Wales, Joseph H., (disc.) 99, 139 
Wall-eyed pike 
spawning, 167 
Water clover, 205 
Webster, B. O., (disc.) 167 
Webster, Dwight A., 205-209 
Weirs, 178, 237-238 
Westerman, Fred A., (dise.) 50 
Whitefish 
growth, 77-81 
introduction, 280 
tagging, 63-84 
Rocky Mountain, 176, 241 
Wholesaling 
criticism, 34-35 
Width, stream 
measurement, 232-233 
Winnemucca Lake, 216, 218 
Worms, parasitic 
Azygia angusticauda, 270 
Bucephalus elegans, 271 
Centrovarium lobotes, 271 
Crassiphiala bulboglossa, 271 
Diplostomulum scheuringi, 271 
Heduris tiara, 271 
Leptorhynchoides thecatus, 270-271 
Macroderoides flavus, 270-271 
Microphallus ovatus, 271 
Neascus, 273-278 
Neoechinorhynchus cylindratus, 271 
Neoechinorhynchus tenellus, 271 
Phyllodistomum superbum, 271 
Plagiocirrus primus, 271 
Pomphorhynchus bulbocolli, 271 
Proteocephalus ambloplitis, 270 
Proteocaphalus pinguis, 270 
Pseudophyllidea, 271 
Spinitectus gracilis, 271 
Spiruridae, 270 
Tetraonchus monenteron, 271 
Uvulifer ambloplitis, 271 


Yellowtail 

statistics, 116-117 
Yuba River 

mining silt, 225-227 


Zygoptera, 152, 195 
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